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PEEFACE. 



The main object in this work has been to describe 
the bones of the human skeleton with accuracy but 
without wordiness, and the secondary object to in- 
terest the student in the mechanical wonders of his 
framework. He must however remember, that 
neither written descriptions nor plates will siiffice to 
teach osteology. The bone that is under considera- 
tion must be always before him at the time, other- 
wise his study will be in vain. 

In the parts of the work which contain the 
description of the bones, I have here and there often 
followed a somewhat different plan from that hitherto 
employed in text-books on this subject, and where 
this has been done I have generally called attention 
to the fact. The accounts of the mechanical struc- 
ture of the bones are chiefly the result of observa- 
tions which I have rather recently made, and pub- 
lished in 1876, in the "St. Thomas's Hospital Reports." 

In the interest of the student I have taken the 
simplest bones first for examination, beginning with 
the extremities before taking the more difficult bones 
of the skull, and I have endeavoured to make the 
text more easy of reference by putting iA strongly 
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NOTE 

On the Skulls of Different Races of Mankindj page 268. 

The typical crania of the native Americans and of 

the Malay races differ in certain important features 

from the Caucasian, the Mongolian, and the 

Ethiopian, and I am indebted to the kindness of 

Mr. Westley for the following observations upon this 

subject : — 

Americai^ Saces. 

1. Esquimaitx, — It is impossible to regard these as 
of the same race as the red men who inhabit the 
greater part of North and South America. Indeed I 
believe that from the time of Blumenbach, who 
regarded the Esquimaux as of the same race as the 
Mongolians, they have usually been considered as 
quite distinct from the rest of the American races. 

The skulls of the Esquimaux are, notwithstanding 
the small stature of the race, of an average size. 
Their prevailing form is dolichocephalic — a com- 
parison of 37 skulls showing a breadth of form of 
from 69 to 75 (length being assumed as 100). In 
internal capacity Esquimaux skulls are not deficient 
— 22 skulls having an average capacity in cubic 
inches of 90*6 (32 English skulls giving an average 
of 90*9), The skulls of Esquimaux are otherwi«»Qk 
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characterized by great breadth at the base, fatness 
and breadth of face, very wide spreading' zygomata, 
and narrow, eomewhaf depressed nasal bones. They 
also frequently present a remarkably pyramidal form 
above, and have often a ridge in the line of the 
frontal suture. They are only slightly prognathous. 

2. AmerieaJia pTOjier, or Bed Men. — Over so vast a 
range as is presented by the continents of North and 
South America it must of course be expected that the 
races of men by which it is peopled should show 
great diversities of characteristics, and we conse- 
quently find that it is a matter of great difficulty to 
frame a description of American crania so general as 
to include the whole of these races. At the same 
time I believe that the whole continent is inhabited 
substantially by one race (with the exception of 
course of the Esquimaux). The great prevalence, 
moreover, of artificial distortion of the skull amongst 
these races, renders measurement less easy to be 
obtained and also lees to be depended on. 

There has been great difi'erence of opinion as to 
whether the American skull is dolichocephalic or 
brachycephalic, I think that upon the whole the 
balance of evidence is decidedly in favour of the 
laiter form, as that of the undeformed American skull. 
With regard to capacity a comparison of 13 skulls 
gave average of from 88 to E)4 cubic inches. The 
other characteristics appear to be a narrow and re- 
treating forehead, moderately prominent brow ridges, 
a narrow, high, and aquiline nose, widespreading 
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and prominent malar bones^ and a slight degree of 
prognathism. Wormian bones in the course of the 
sutures are exceedingly common, probably in con- 
sequence of the pressure to which the skulls have 
been subjected in the process of artificial distortion. 

Malay Baces. 

The name " Malay Race," which was first applied 
by Blumenbach, and under which he classed almost 
all the Oceanic races — including those of the islands 
of the Pacific Ocean — is now generally regarded as a 
somewhat fanciful division. It is at least certain that 
many distinct races were classed by Blumenbach under 
the name Malay. He describes them as " tawny- 
coloured, hair black, soft, curly and thick, head 
moderately narrowed, forehead slightly swelling, 
nose full, rather wide and thick at the end, mouth 
large, jaw prominent." This description appears to 
agree very well with the characters of the Malayans 
proper (inhabitants of the Malay peninsula), but 
certainly not with those of many of the islands which 
Blumenbach considered peopled by Malayans. To 
me it appears, though I have not access to sufficient 
data to speak very positively about it, that the in- 
habitants of the Malay peninsula are somewhat allied 
with the Chinese in their characteristics, so far as 
their skulls are concerned. Borneo and the adjacent 
islands are peopled by Dyak races, more or less like 
the Malays, and the island of New Guinea has 
inhabitants closely resembling those of Australia. 

b 
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In the Andaman and a few other islands occur the 
Negritos, a race almost in every respect like the 
Negro, except that the hair appears not quite so 
woolly. The various groups of islands in the Pacific, 
as well as New Zealand, appear to be peopled with a 
more or less allied race somewhat resembling the 
Malays, and totally distinct from the Negrito and 
the Papuan, and Australian. The subject of the 
races of the islands of the Southern hemisphere is a 
very intricate one. 
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construction^ and a knowledge of their natural shape 
and character is essential in order to be able to dis- 
tinguish any defect in them arising from disease, 
injury, or deformity. Without this knowledge of 
Osteology no one can become a skilled anatomist or 
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INTRODUCTION. 

Human Osteology is the Study of the Human 
Skeleton — the framework upon which our soft parts 
are supported. Like Anatomy, or the result of Dis- 
sections, it is made up of facts, which have been 
ascertained by careful observations, and are all capable 
of proof by an ordinary observer. Upon such a sub- 
ject a text-book will necessarily be a mere record of 
disjointed facts, unless they be relieved by an attempt 
to trace them to their causes or to their results. 
Many indeed look upon Osteology as the type of a 
hard and uninteresting study, but this ought not 
to be. It may be hard, but uninteresting it should 
not be, for it is so absolutely essential^ and so 
capable of proof. The absolute necessity of it to 
the student of Anatomy or Surgery is acknowledged, 
for as bones are either levers to be acted upon by 
the muscles, or form protecting cases to delicate 
structures lying within, like the brain, the heart, 
and the lungs, they accordingly vary greatly in their 
construction, and a knowledge of their natural shape 
and character is essential in order to be able to dis- 
tinguish any defect in them arising from disease, 
injury, or deformity. Without this knowledge of 
Osteology no one can become a skilled anatomist or 

B 



3 INTRODUCTION. ^H 

surg;eon, and it has been truly said that Osteology is 
the foundation upon which the superstructure of 
medical and surgical knowledg'e must he raised. Nor 
is the necessity for a thoront;h acquaintance with the 
subject confined to the medical student only. The artist 
or the sculptor, who aims at delineating; the proportions 
and heauty of the human fig'ure, must seek in Osteology 
the only reliable basis of accuracy and truthfulness. 

The knowledge of the human skeleton is so impor- 
tant that it is enforced upon the student ot the very 
threshold of his ]>rofe8sionHl work : constant recourse 
to the skeleton will have to be made during the whole 
course of his dissections, while not less frequently, 
perhaps, will the surgeon find the necessity of referring 
to it in cases of dislocation and fracture, disease and 
deformity — surely, then, the greatest elements oj' in- 
terest that any study can offer are present. It is 
useful and necessary as a means to an end — that of 
obtaining further knowledge. 

Doubtless there ia much in the study of Bones that 
is merely descriptive, and being descriptive of a large 
array of abstract, uuoonnected facts which must be 
known by heart and made available as pegs to hang in- 
ferences upon, wilt necessarily be diilicult to remember, 
for these very tacts often appear to be as causeless as 
they are disconnected. But if we look more carefully 
into their causes and their results, if we regard their 
mechanical bearings especially, as well as their bear- 
ings upon Surgery, upon the origin of deformities, and 
the nature of injuries, the study of Osteology becomes 
deeply interesting. We see in the form and structure 
of an apparently unmeaning mass of bone, provisions 
for the working of a power of whose nature we know 
little, but which employs an endless variety of means. 
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and among these^ mechanical forces and mechanical 
contrivances of infinite beauty and simplicity, which 
far surpass our most complicated inventions in their 
effects, and in principle often anticipate the novel 
discoveries of our acutest mechanicians. 

The skeleton is the bony framework upon which 
the soft structures of the body are placed. It is com- 
posed of numerous pieces which act as the levers for 
motion, or are arranged with a view to the protection 
of delicate internal organs, or act as points of support 
for the limbs. It consists of a central column, three 
great bony cavities, and four extremities or limbs. 
The cavities are connected one with each end of 
the central column, and the third with its centre. 
The limbs are attached in pairs to the walls of the 
central and of the lower cavity. 

The column is called the spine. 

The upper cavity constitutes the skull^ the middle 
the thorax^ the lower the pelvis. 

The limbs are respectively arms and legs. 

Number of Btmes, — The number of bones in the 
human skeleton depends upon what are considered 
separate bones. There are several small bony masses 
— sesamoid, pea-like — found in the tendons of muscles; 
there are the teeth, not of the same character as bones, 
but sometimes included with them ; there are several 
isolated pieces of bone commonly found in the lines of 
union of the skull bones ( Wormian bones), but they are 
not constant in number. 

Excluding these, there are 210, including the 
lenticular,* which is the smallest bone in the body, the 
sphenoidal turbinated bones, which are nearly the 

* This bone is sometimes looked npon as a tabercle of an 
adjoining bone—tbe incus. 

b2 
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thianest, but taking- the sphenoid and occipital as 
one — tlie spheno -occipital. 

Of these 210, 32 belong; to the skull (including 
the Hyoid). 

chest.* 
pelvis.t 

two upper limbB, 
two lower „ 
Varieties of Bmies.^In commencing; the study of 
the bonee it is necessary to explain the meaning of 
certain lerms frequently used in describing them. 

Bones are called long, short, J!al, or mixed, according 
to their shape. 

The Itmg bones are the levers, a good example of 
which is seen in the femur or the humerus. 

The sluirt or cuboid bones are found where many 
joints are required, or where force is to be distributed 
over oblique surfaces. An example of the former is 
to be found in the vertebrce, of the latter in the 
wrist and ankle. 

Tlie ,flat bones usually occur in the construction of 
cavities, as may be seen in the cranium and pelvis. 

The mixed bones partake of the characters of both 
long; and flat bones, as in the sternum or breast-hone, 
the ribs and the lower jaw. 

St'iteture. — There are certain points in the structure 
of bones with which it is necessary to be acquainted 
before examining the bones separately. Each bone is 
revered by a fibrous investment called the periosfeinn, 
which is full of vessels carrying blood for the supply of 

" Excluding the vertelirH!. 
+ luoladiDg the Saomiii and Coccjx, which are coalesced 
vertebiai. 
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the bone. This periosteum dips with the vessels into 
every little opening, so as to line the hollows and 
spaces which are found in the interior of the bone, 
but when it has reached the interior it is called endas^ 
teurriy or internal periosteum. If we look at the larger 
ends of the femur or the tibia, we shall see numbers 
of small holes through which the periosteum and 
vessels have passed. 

Notice also another point with respect to the 
periosteum. When the finger touches it it feels 
smooth and moist, when it is struck with a probe it 
sounds dull. Remove this periosteum, and now the 
surface is felt to be hard and rough, and when struck 
it sounds almost metallic. This difference enables the 
surgeon to distinguish between a bone that is healthily 
covered, and one that is denuded or dead, at the bottom 
of a wound or hole. 

Under the periosteum, and perforated in numerous 
places by it, is the solid bone, which varies in density 
in different parts. Near the outside it is always com- 
pact, and there is called '^ eompcuit tissue ;" near the 
centre it becomes spongy or porous, and here it is 
called *^ cancellous tisstieJ' 

Notice now that where strength is required (as in 
the sJutfts of long bones), the tissue is compact ; but 
where bones are expanded to form large surfiwses for 
support (as Jieads of femur , tibia, humerus , ^c,)y or for 
attachment of muscles {olecranon, trochanters of femur, 
and tuberosities of humAsrus) ', or where lightness is re- 
quired with strength, as in the short bones {tarsus, 
carpus, vertebra), the tissue is cancellous. 

In the bones of the skull, where great strength is 
required to protect the brain from blows and other 
injuries, we find that in addition to the curved form 
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and the dovetailing^ of the bones along their lines of 
junction, the substance of the hones is made up of 
a compact layer outside, called sometimes the external 
table, then a small quantity of cancellous tissue here 
called diploe ; then another layer of extremely dense 
tissue, so dense and brittle that it has a tendency to 
splinter like glass, and this is called the inner, or 
mtremis table. 

Numerous canals are found in the compact tissue, 
and are called Haversian canals. They are occupied 
by vessels and nerves, and the spaces which are found 
in the cancellous tissue in like manner have numerous 
vessels and nerves and lymphatics. But the canals 
and spaces are occupied also by a quantity of fat, and 
by a large amount of cell growth of a rather peculiar 
character. The soft contents of these spaces and of 
the hollovr shafts of long bones constitute what is 
commonly known as the marroV of the hone. 

Bones differ in their character a good deal accord- 
ing to age, the use to which they have been put, 
and the existence of disease. In early life they are 
not fiiUy ossified; in old age they lose much of their 
solids, and a much larger quantity of the fatty con- 
stituents is present ; roughly speaking, there is more 

t been used they do not 
t of compact tissue, but all 
parts have a tendency to become porous and show a 
cancellous arrangement. Hospital museums frequently 
contain specimens of the thigh-bones of patients who 
had been in bed for years before they died, and in such 
it may be noticed how porous the bone is, and how 
much greater chance there would be of a fracture 
occurring in them than in those of healthy texture. 
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On the other hand, in extremely muscular, active 
persons the ordinary ridges and prominences become 
much more marked, and consequently also in men 
rather than in women. A male bone is therefore 
usually rougher than a female bone. 

Mechanics of Bones, — It will be noticed in consider* 
ing the mechanism of each bone, that there are 
certain principles or features in bones generally 
which are of great importance. These are strength, 
elasticity, lightness; and they are provided for in 
various ways. Where great strength is required, 
there great compactness or massiveness is found; 
where great elasticity is necessary, the shape of the 
bone is modified, and we find curves and spirals, 
sometimes further increased by the arrangement of 
curves in the bone fibres of the cancellous tissue; 
where lightness is especially requisite the bone is 
porous, and then it is always strengthened by the 
mechanical arrangement of its fibres. 

The ends of the long bones are in nearly all cases 
enlarged, and the object is either to provide attachment 
for muscles so as to bring the acting point of the power 
as near as possible to the fulcrum, or else for the 
purpose of giving steadier play to the joint ; and here 
it is that we can trace a curious and wonderful 
adaptation of mechanics certainly surpassing in its 
ingenuity, simpleness, and efficacy any of the most 
wonderfiil products of human skill. Strength, light- 
ness, and elasticity are here combined in perfection, 
for the seemingly structureless mass of spongy 
bone is so constructed as to withstand the constant 
shocks from various directions to which joints are 
liable in the almost endless movements of the 
body. 
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The spicules and fibres and plaWs composing the 
cancellous tissue are always arrang'ed in definite 
curved lines ; and these curved lines ore always 
related to the mechanical requirementB of the part. 
Examine a section of the head and neck of the thigh- 
hone (Fig. 30), or the tower end of the same bone 
(Fig. 32), or the two extremities of the shia-bone 
(Figs. 34-3?), or a vertebra (Figs, fil-54). You 
will find in all of them that the rods of bone in the 
cancellous tissue do not at all correspond with the 
outline of the bone, but they form curves which are 
best adapted to withstand violence or pressure in the 
directions it is usually applied. 

Some notice of this mechanical arrangement has 
been customary in referring to the neck of the thigh- 
bone and the head of the tibia, and resemblances have 
been shown, aldiougb rough and imperfect, between 
the architectural arrangement in these parts, and 
simple mechanical structures like the bracket and 
gothic arch ; but it baa not been hitherto generally 
noticed* that in all cavceVmia tissues there is a definite 
mechanical arrangement, insuring the greatest strength 
and elasticity along the lines of greatest pressure. 

It is an interesting tjuestion to determine how far 
this mechanical arrangement is the result of conditions 
present in the living skeleton — how far, in fact, the 
architecture is the result of, rather than a provision 
for, pressure in certain directions. Doubtless this 
architecture may, like any other intimate structure, 
be hereditary; and just as the features of a child 
resemble those of his parent, so the construction of 

• Professor Himiijhrj'B observations on this subject in his 
" Human Skeleton," published IS58, have been overlooked liy 
all writora, Continental and Engliah. 
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the bones of the child may copy that of his parents ; 
but inasmuch as physical forces, such as attraction, 
gravitation, electricity, heat, and chemical action, are 
necessarily acting upon the embryo in its formation, 
it seems more than probable that during the deposit 
of bony matter in the cartilaginous temporary struc- 
ture its determination in certain lines is influenced by 
pressure and other known physical forces. 

The lines seen in various sections difler in clear- 
ness of delineation accoiiding to the age and character 
of the bone, and also according to the direction of the 
section. With regard to the former points much re- 
mains to be yet investigated, and with regard to the 
latter it must be noticed that the lines indicate the 
existence of plates rather than columns, though it is 
more convenient to refer to them under the latter 
term since that is their appearance on section. In 
many specimens I possess the plates are perfectly 
distinct, but when these are cut obliquely they are 
not so easily traced. 

These observations will be of interest not only to 
students of anatomy, but to those engaged in me- 
chanics generally. No doubt we have in the human 
skeleton many and varying directions in which force 
is applied, and therefore many are the requirements 
to be met in the construction of bones, but it seems 
to me that a study of the architecture of these parts 
suggests an improvement in mechanical constructions 
generally, even where the requirements are fewer 
than in a complicated human lever, and that curved 
Jines might with great advantage be made use of in 
p^viference to straight ones, as by their elasticity they 
insure far greater stability. 

A practical bearing of this question occurs in the 
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direction of fracture from indirect violence both in 
the shaft and towards the ends of lonp bones. The 
Bolid Buhstance of the shaft is constructed upon 
the same principle as the better- delined cancellous 
tissue, for in bones which have become atrophied 
from any cause a curvilinear fibrous arrang;ement is 
ifEceable in the shafts, and when bones are decalcified 
hey can he torn along the same lines more readUy 
;han in other directions. Fractures of shafts from 
indirect violence are almost always oblique, and in 
looking over a large number of specimens I find that 
the obhquity of the fracture coincides with the 
obliquity of the curves seen in atrophied bones. 

In the new bone which is deposited about old united 
fractures there is also a definite arran^ment of the 
bony fibres which compose it, and these fibres are 
placed in the direction of the greatest pressure. 

In the cuTvea and ridges and obliquities of the 
bones there are certain ' advantages not usually 
noticed. All the long bones are curved in their length 
and on their surfaces, all the short bones have curved 
outlines, and by this contrivance the shock of falls 
and blows is materially lessened. The durability of 
carria^ wheels is said to he greatly increased by a 
slight curvature in their spokes, and in the human 
skeleton there seems no doubt that both the internal 
organs and brain are preserved from injury, and the 
hones are themselves less liable to fracture, owing to 
ves which break the violence of con- 



Uidges are seen on all long bones, and the surfaces 
are grooved, so as to give an impression of the bones 
being twisted, for the grooves and ridges are always 
spiral or curved. This arrangement still further adds 
to the elastdoity o 
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Bones are also obliquely placed. Their shafts run 
obliquely sometimes^ as in the femur, or the surfaces 
for contact with other bones are oblique, as in the 
ankle and wrist, and the result of such arrangement 
is exactly that seen in the inclined plane. Force 
is distributed, and direct pressure lessened^ so that 
injury is less likely to happen to the bones. 

Experiments have been made to determine the 
actual and relative strength of bone^ and the follow- 
ing table, drawn up by Professor Robinson, indicates 
the relative amount of pressure which a square inch 
of certain substances will bear^ taking that of fine 
freestone as 1 : — 

Freestone 1 

Lead •. 6*5 

Elm and ash 8'5 

Box, yew, and oak . . .11*0 
Bone 22-0 

Bone therefore will, according to Professor 
Robinson's results, support twice the pressure that 
oak is capable of, and an inch square is computed to 
bear 50001b. weight. This refers to solid or compact 
bone. 

In some experiments which were undertaken 
for me by Mr. W. T. Goolden to test the resisting 
power of bone the following results were obtained : — 

A piece of the middle of the shaft of the femur, 
rather dry, but covered with periosteum, an inch and 
a half in length, and one and a quarter in breadth, 
was submitted to hydraulic pressure. At a pressiu'e 
of one ton and three hundredweight it was split to 
the extent of one-third of an inch along its outer 
surface. With two tons and three hundredweight it 
broke into three pieces. 

Cancellous tissue is less strong, but a cubic luck 
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of this taken from the lower end of the femur 
'' sustained (bur hundredweight without sensible 
alteration. With six hit udred weight its height was 
reduced to half an inch" (Ward). This eiperiment 
was performed with dry bone, and therefore was un- 
satisfactory, as much of the tenacity of the hone was 
thereby lost. 

For fiirther remarks on this subject, see Mechanism 
of the Skeleton. 

Furmatwa of Bone. — It will he necessary to offer 
some explanation with reg'ard to the formation of 
bone ; as we shall have to refer to what are termed 
centres of ossification, and to epiphyses. 

Early in the life of the embryo, when out of an 
almost shapeless mass of cells of which it is composed 
we begin to distinguish one part of the body 
that-is-to-be from another, indications are to be 
seen of cartilage, or membrane, where bone will by- 
and-by be found. After a short time, small points 
of earthy deposit can be discoyered at definite spots in 
the cartilage or membrane, and from these points 
bone formation proceeds, by spreading in particular 
directions. But each bone does not ossify from one 
single centre. The majority have more than one. 
In the long bones there is always one for the shaft, 
and generally one or more for each extremity, and 
usually one for each special prominence on the bone. 
It is important to know what these centres are, and 
when they unite, for a blow or a violent pull may 
cause the separation of them, and it is necessary 
to be aware of this in order to avoid an error in the 
diagnosis of such cases. It may be taken as a rule 
that the shaft of a long bone has united with its epi- 
physes usually by the age of twenty or twenty-five ; 
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and as increase in the length of a bone occurs almost 
entirely by new growth at the ends of the shafts when 
the epiphyses join the shaft the latter ceases to 
elongate. It will be seen, therefore, that the junction 
of the epiphyses with the shafts coincides with, and is 
the cause of the cessation in growth of an individual. 
Terms, — In anatomy many special terms are used 
to designate certain appearances or structures — terms 
curiously applied in many instances^ very often of 
doubtful origin^ and used with little regard to con- 
sistency. 

Some of the commoner descriptive terms may be 
here referred to^ but the rest are to be found in the 
index. 

The term cotyloid (KorvXtf, a cup) or cuplike^ is 
applied to a cavity which is hemispherical. 
glenoid (yX^wy, the pupil of the eye) to a cavity 

which is less cupped. 
trochlear (rpo;^iX4a, a wheel, by turning which water 

was drawn up, a pulley ; Tp€x<o, I 

turn) to a convex or concave surface, 

which is grooved, pulley-like. 
facet (facette) to a surface which is flat. 

socket or alveolus to a deep conical hollow. 
sinus (a hollow) to a chamber whose outlet is 

comparatively small. 
fossa (a ditch) to a smooth depression, or a 

chamber with large aperture. 
mastoid {juuttos, a nipple) to a process which is 

nipple-like. 
odontoid {ibovs, a tooth) to a process which is 

tooth-like. 
coraeoid {K6pci$y a crow) to a process which is 

curved like a crow's beak. 
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styluid (crrOXor, a column, an ancient pen) 

process which is pointed and lonj^. 
serrated (serra, a saw) to a process which is saw-like-. 
va0inal (vagina, a sheath) to a process with two 

flaps like the leaves of a hook, 
pterygoid (irripv^, a wing') to a process which 19 

wing-like. 
ooDdyloid (it6iihvKos^ a knuckle), knuckle-like, 
trochanter (rpoxtoT^p ', rptxa, I turn), a large proi 

which rotates. 
scapfwid (cri:ri((iti, anything scooped out j a boat), 

hollowed out, boat-like. 
cormoid (jtopsiw), heak), beak-like or crown-hke. 

Simple Ifirms like pnmdnenees, tvberontiesy tubcreleif,^ 
Unes, ridges, crests, notches, hoka, grooves, canals, ol^U, 
and fissures, and the like, require no explanation. 
I In the use of the terms interkr and intental, it is 
advisable to make a clear distinction — to apply in- 
ternal and external with regard to the middle line of 
the body ; interior and exterior with regard to the 
' middle line of the hone. At the upper end of the tibia, 
for instance, you find est^rnally a facet for the fibula, 
internally a groove for the tendon of a muscle : in the 
interior you find cancellous tissue arranged peculiarly 
so as to give the greatest strength to the hone. 
An articulation is a joint. 

The lUreetiott of a surface is that in which it looks, 
and is therefore indicated by a line drawn perpen- 
dicular to it. 

Inelination hy a line drawn parallel to it. 
Homology means the correspondence of parts in 
structure, and not in function : thus the upper limhs 
of man are homologous with the forelegs of quadru- 
peds, and the wings of birds. 
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CLAVICLE.— Plate IIL 



cmTTni: S. CoUor-bMie. (7, SchlilBselbein. Pr. 
L. Claviuula, jngulum, ligola, ob furcale, 

Situation. — The clavicle is placed horiBontall^ 
first rib, being «ttflctied by one pnd to til 
ternnm and by tli« otiier to tlie acrtimion process of 
\ 'the scapula, Ttio clavicle lieljw to (five squareness 
to the shoulders, It is prune to injury from direct 
violence, but is more liaijle to be froctured by blowa 
upon the shoulder, as in falling, a&d is thulitiue uore 
Lfrequently broken than any other in the body. 

SliMpi'. — In general outline it ia like the italic/, and 

ifees its name from a resemblance to an ancient key 

CfilaviB). It is thick at its inner or sternal end, 

lattened from above downwards at its aerotnial end, 

c in the middle of its shqfi. Its upper surface 

k generally convex and smooth, its lower surface is 

^ooved and at the extremities rough. It ie doubly 

iarved, convex forwards in its sternal two thirds, 

Ipncave forwards in its acromial third. These curves 

1 be felt under the skiu- Its roughness varies with 

1 muscularity of the individual, and is therefore 

lually rougher in males than in females. 

fart*. — Acromial end ifattened from above 

I (Jownwiirits and rathtr more hollow helow than above. 

I It has two surfaces and three borders. Uppfr turfaee 

I ^ttened, slightly rough, ufrcn perforated, covered by 

naponeurosis or fibrous membrane, eitendingbetween 

'-two muscles {traiK':iiux and iklliAil). Lower surface 

rough, often ratlier concave, presenting a tubercle 

and ridge. Tuierck (Conoid Tubercle) found near 



Clsriaula. ^^H 
lly above ^^ 
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the posterior margiii, where the acromial end joins^ 
the shaft. It lies in the articulated skeleton, 
the coracoid process of the scapula, and gives attach-1 
ment to a ligament (the cmnid). 

Ridfff (Trapeaoid) running oLIiquely across froib J 
the tiihercle to the anterior and outer extremity, 
gives attachment to a ligament {Trapezoid UgofiunUfyl 
which also connects the bone to the coracoid prooe 
of the scapula. Anterior burder rather concave ; ) 
terior border convex ; outer border rounded but show- 
ing a small flat articular Jacet for the acromion pro- 
cess of the scapula. 

Bhaft or body extending Irom the conoid tnherolfcj 
to about one inch from the sternal extremity, coiiT€ 
forwards and presenting two suriaces and tvihM 
borders. Upper gur/'um smooth, convex in the middle^ I 
flattened towards each end. This surface looki 
rather forwards. The inner half Js marked i 
anteriorly from tlie outer, and here often e 
flat surface for the attachment of a muscle (jicctomUs | 
maji/r), then comes a smooth surface for a fibronJI 
septum between the last named muscle and another | 
(the Deltoid), which is attached to the front edge of the I 
outer third of the bone. Vtider surface grooved, i 
especially towards its outer end (subclavian \ 
groove), in which a muscle is inserted {iubelaviui). 
There is usually a small canal (for nutrient artery) at I 
the outer end of this groove. The inner part of thia I 
surface is smooth and sometimes visibly grooved 
from before backwards (tor the sTibclamim artery), i 
Anterior border sharp, convex anteriorly from one 
end to the other. It gives attachment to tlie c«sto- 
eonieeid membrane, and separates the upper from the 
lower Burftce. Posterior border rounded, smooth, 
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convex from above downwards, but concave from one 
end tn rbe other. To its inner third is attached tiie 
tCsnw-vuutoui Mu»i)le. 

Sternal end, p)Tamidd with its base free. 
Upper surface rounded and rongh for the attachment 
of the tlemo-mastoid M. ; lon'er aurf'aee continuous 
■ with the under surface of the shaft, but facing more 
1 anteriorly. It givea attachment to the jieclomlU 
major M. The articular surface of the base is pro- 
longed into this surface. Posterior surj'ace continuous 
with posterior border of the shaft. Along the edge 
separating the posterior from the lower surface and 
encroaching on the lower surface is a roughness 
(rhomboid impression) for the RhtrndxAd or coaUi- 
elavimitar ligament. Base triangular with rounded 
angles, its lower and more prominent angle pointing 
downwards and backwards. The base is rough above 
for the attachment of the pecuiiar fibro -cartilage of 
the sterno -clavicular articulation, smooth below for 
articulation with sternum. This articular iaaet is 
I on the under Burfnce of the sternal end. 
e from before backwards, and convex from 
above downwards. 

Artie>datio«3. — With sternum at the inner end, with 
seapula at the acromial end. The first of these small 
joints is the only means by which the bones of the 
upper limb are directly connected with those of the 
trunk. 

Deeelapment. — From a single point for all except 
the extreme sternal end where a thin lamina is 
separately developed (eighteen to twenty years). It 
! earliest bone to show signs of ossification ; 
s said to commence in the sixth week of the 
' the embryo, before the appearance of cartilage 
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in it, and afterwards it g;oes on in cartilagje as well as 
in fibrous Bubstance. Beclnrd gives the yOth day for 
both the claviele and lower jaw ; but as ossification 
proceeds much faster in the clavicle, it is found much 
more advanced than the lower jaw by the sixth 

Mechanism. — The clavicle being curved like a 
letter / is provided witli considerable elasticity and 
8treao;th, much more ao than at first sight appears, 
nnd being placed in a position where it is so much 
exposed to violence such a provision commands our 
admiration /if a clavicle be placed perpendicularly 
to a vrall and struck sharply on its end, it will spring 
oif irom the wall to a distance of two feet. If placed 
upon a stone floor in such a position that it rests like 
an arch upon its two extremities, and it then be 
struck sharply it will spring upwards to about the 
height of a foot. It is, however, in its lengtli that 
it is esposed to injury generally, as in falls upon the 
shoulder, and the elasticity which it possesses protects 
it from fracture, hut iracture may and frequently 
does occur. In fact, the clavicle is the bone most 
often broken in the body, the fracture usually 
occurring on the outer side of the middle where the 
bone is thinnest. This is near the nutrient foramen, 
and the curves of the bone join here. 

If a section be made of a clavicle it will be seen 
that at each end vfhere it is porous the fibres com- 
posing the cancellous tissue are arranged in crossing 
curves which, however, are not usually very distinct. 
At the sternal end the fibres radiate in curved lines 
from the articular surftice, a few being placed p 
with the surface. In the acromial portion they a 
arranged as a series of crossing lines. 
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FifiHU of importanec : — 
1. Double curve of the bone. 
3. Difference of the ends, ibe sternal being thick 
anri clubbed, the acromial flattened. 

3. Subclavian groove on under surfnce. 

4. Conoid tubercle and trapezoid rii^ beneath 
acromial portion. 

5. Earliest bone to ossify. 

6. Liability to simple but not to compound friicture. 

7. Peculiar articulation at stemsil end. 

8. Sole means of union of the u[>per extremity to 
|he trunk. 

Mode of d^termiiii»g r-u/ht fmm left. — Hold the Iwne 
IS if in your own body, with the pj-ramidal tliiuk end 
Dwards, the grooved surface downwards, and the 
lonvexify of the inner half pointing: forwards : the 
acromial or flat end points towards the outer side, 

., to the side to which the bone belongs. 
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SynonymB : E. Shoolder-bUde. 0. Schulterblatt n. Fr. omo- 
plate, L. Scapnlum, Soapula, omoplata {Sifuis, slioulder; 
jrXaTilj, broail). 

SitwiHoii. — -The scapula is placed on the back and 
outer wall of the thorax, covering the rihs from the first 
to the seveatli, and has the humerus suspended from it, 
while one point of it is connected with the clavicle. 

Shape: — It is a flat hone with certain ridges and 
prominences. In general outline it is triangular with 
a strong triangular spine running ohliquely across its 
posterior surface and projecting hj a well-marked 
process (acromion process) over the outer angle of the 
bone. The spine divides the posterior surface into 
two hollows or fossse. The front surface or venter is 
hollow. One of the angles of the bone, the outer, 
is more massive and shows an oval articular surface 
(the glenoid cavity), separated from the roBt of the 
hone hy a constricted neck from which springs a 
hooked process (the coracoiiJ process). 

Paris. — Two surfaces, three horders, three angles, 
and two processes.' 

Anterior aurfeee or Venter is concave and the 
greater part of it forms the Subscapular fossa. 
This fossa does not occupy the whole uf the Venter, 
for each angle is marked off frozn it. That towards 
the glenoid cavity is smooth, and continued into the 
neck of the hone, and over this part the subscajnilaHs 
muscle is free and often separated hy a hursa. 
Towards the lower angle there is an oblique line 
which separates the fossa from a flat, triangular 
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&&06 {for the setratiu jnoffHoi). Towards the upper 
pgie a similar line separates it from a flat surface 
for the serratus iiuignHs) ; and towards the 
vertebral or inner border is a narrow flat surihce for 
the same muscle. The suhscapular fossa is traversed 
by rido^es from which the suhBcajmiar muscle rises. 
Posterior surfaoe or Dorsum, convex, hut 
fossed obliquely by a projectinj;; spine, so that two 
BSte are produced of which tholowurorinfra-spinouB 
) tho larger. Supra-splnous foaaa ia above the 
,e; becomes narrow hut deeper towards thu neck; 
b is occupied by a muscle {mj/rtt-t/Anatui). latea- 
gtinons foBsa, shallow but large, ia formed by part of 
■ dorsum helow the spine. Limited below by an 
kfalique line {sometimes called the oblique line of the 

^sapula) which marks off a distinct flat surface (for 

fae terr^ vmjor M.), and limited towards the thick 
"Brillary border by another oblique line extendia"; 
irom the glenoid cavity to that just referred to. This 
I often indistinct, but when present, indicates tlie 
[mit of attachment of the teret minor M. Notice that 
bch of the threefosBie (subscapular, supra-spiuous, and 
nfra-BpinOQB) is deepest opposite the g'lenoid cavity. 
Bplne strong', triang^ar, runs obliquely across the 
dorsum from the junction of the middle and upper 
thirds of the thin vGrt«brnl border to opposite the 
middle of the glenoid cavity. At its commencement 
ie a flat, triangular surtace over which plays the 
poneuroais of the trapezius M., and at its free end 
I a projecting triangular plate (the Acromion) 
♦hich overhangs the glenoid cavity. The spine is 
twisted in its course, so that the upper surface of the 
tached part is continuous with the under surface 
f the acromion. The Supra-ipiimttts if. lies against 



1 



33 SCAPULA. 

each of these surfeces. The lower surface forms the 
upper limit of the infra- spinous fossa. The Crest 
of the spine is its free horder, thict, commencing 
in the trian^lar surface, and gradually rising W end 
in the Acromion. Its upper margin is slightly but 
doubly cursed and gives attachment to the trapezius 
M. ; the lower margin is more ahruptly curved, but also 
doubly, and gives attachment to the ildtoid M. The 
Acromion is the free end of tbe spine, and runs out- 
wards at first, then forwards and upwards; its plane 
is nearly horizontal, so that it is almost at right angles 
to that of the spine ; it overhangs the glenoid cavity. 
Its v/tper surface is rough and subcutaneous, its under 
surface is smooth for a bursa between it and the supra- 
apinatua M. hiiter margin has an articular fecet for 
the clavicle, and at thi ^ joint there is sometimes a 
fihro- cartilage. Outer margin rough and rounded for 
attachment of deltoid M. At the tip is a roughness for 
an important ligament (the em-aea-ao/'innial}. 

Upper border extends from tlie upper anffle to 
the root of the coracoid process at which position is a 
notch (supra- scapular notch) converted into a 
foramen in the recent state by a ligament [mpra- 
scapular ligament or ligament ^ the notch) for the passage 
of a nerve and vein (supra-scapular). The upjier 
border and part of the ligament of the notch usually 
give attachment to the amohijoid M. 

Vertebral or inner border extends from the 
upper angle to the lower angle and opposite the root 
of the spine it projects. Above this projection the 
border gives attachment to the Levator anguli scapulx 
M., opposite the triangular surface at the root of the 
spiue to the rhmnboideiis minor M., below this to an 
aponeurotic arch, belonging to the rhmnboideus vu^irr 
K., and to BOme fibroi of that nmBi^. 
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LxiUary or oater border is thick and exModi 

1 the neck ta the lower aiig;Ie. The tij)per part is 

fooved for the scapular head of the iricept M.; below 

Ibie is an Dbll(]ue depression for the teret utmirr M., 

\ ifiie lower half gives attachment to ihe tcra vtajor M. 

^ Aehort disttmce below the nock is a iransveree groove 

P the duriudU scapula Art. 

^ Angles. The outer an^le is inaaBive and presents 

1 the head and neck with the cora- 

gpringin^ from the juncti«n of the 

B-ith the upper bonier. The head Uas on its 

iirface a pear-shaped articular uavitj (glenoid 

kvity), shallow with raised margins deepened in 

e natural state by a thick tibrous ligameut {jiknoid 

«nrf), pointed above, where a tendon is attached 

g head o/Mtt-pa M.). The neck is the compressed 

jrtion of bone euppurtinp: the head, distinct below 

merging above into a hooked process. This, 

li is the coracold procoBS, is a curiously curved 

Dcess running at lirst upwards, inwards, and for- 

' i, then outwards and rather downwards, at right 

is to its first part. Its anterior (or more correctly 

«') herder is rough for muscles {pectoralis minor, 

raeO'br/uiMalis, and short liead of biceps). Its upper 

a also rough for ligaments (cunmd and trapezoid 

o-olavicvtar), and its tip and outer border give 

attachment to tiie broad end of the coraeo-aerondal 

Ipgantent. 

The upper angle is well marked, and into it is 
I inserted the kvator aiufuU icapiUa M. 
■~ The lower angle is the most ]iointed and Ims on 
s posterior aspect the triangular surface for the 
t vt^jor M, ; on its anterior aspect that for the 
M maff/aa. Sometimes a slip for the latisximus 
li Jf. ftocB from it6 poBterior euttiace aad. t^ eA^ft 
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of that muscle c 



a itj whether it takes origin here 



Articiilatioits.- — By the g;lenoid cavity with the head 
of the humerus, hy the acromion with the clavicle. 

Structure. — Thin and compact except in the head, 
neck, vertebral horder and processes, 

Devtiojyment. — TJaually by seven centres. That 
for the main part of the hone about the second 
month of fcetal lii'e. Two for coracoid process: one 
of these appears in the 
first year, and is im- 
portant, as it forms a 
large bone in many ver- 
tebrates. Two or more 
for the acromion, one 
for the lower angle, and 
one for the vertebral 
border. These appear 
about puberty. Some- 
times there is a separate 
centre for the surface of 
the glenoid cavity. 

Mechanism. — The 
bone is arranj^ed pecu- 
liarly, and althoug)i a 
thin structure, is ad- 
mirably constructed to 
give attachment to the 
importantmuscles which 
control the movements 
of the arm. The spine 
rises from the dorsum 
leaving a deep fosaa 
Sectim of scapulj showing fjssT. above and below, and 
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if a section be made through the bone vertically, 
it will be seen that the three fossae around the axis 
of the glenoid cavity are curiously equal^ so as 
to allow of equalizing the holding power of the 
muscles upon the head of the humerus (Fig. 1). It 
must be remembered that muscles are always acting, 
never totally at rest, and that they exercise a retain- 
ing power upon bones, a power supplemental to the 
atmospheric pressure, which will hold two surfaces in 
contact, as is shown in the schoolboy's sucker. 
Ligaments do not usually exert this retaining in- 
fluence, but are provided for the purpose of limiting 
movement in certain directions, and are not con- 
stantly in a state of tension. 

The glenoid cavity is peculiarly small, but thereby 
much greater freedom of move- 
ment is allowed at the shoulder- 
joint, and a fibro-cartilaginous 
rim surrounds the cavity, deepen- 
ing it slightly. 

It may be noticed here also that 
when the humerus is in contact 
with the glenoid cavity, the arms 
cannot be raised beyond a hori- 
zontal level when extended from 
the body, unless the scapula and 
clavicle be raised. This is owing 
to the projection of the acromion. 
Therefore, in carrying the hands 
up from the thighs to the top of 
the head, as in gymnastic exercises 
for opening the chest, the first 
half of the movement is accomplished at the shoulder- 
joint, the second half chiefly at the sterno-clavicular 



Fig. 1. 




Showing joint be- 
tween head of hume- 
rus and coraco-acro- 
xnial ligament. 



merus at tb^^^| 
icapuln Touni^^^l 



articTilation, and by rotation of the hnmerus e 

shoulder, attended with rotation of the scapula 

a pivot throun^h its hlade. 
There is another joint also which often escapes 

notice. The great tuberosity of the humerus (Fig. 

2) is received in certain positions by a strong and 

broad ligament joining coracoid process and acromion J 

(eornco-flcromial ligament). This occurs when tha| 

body rests partly upon the elbows ( 

pressing on a table. 

If sections be made of the thicker parts of the bon^J 

it will he seen that the fibres of the cancellous tissusfl 
are arranged definitely. In thft' J 
Fig- 3- accompan}TDg diagram (Fig. 3)J 

the fibres are seen to be form-r 
iag curved lines which radiate' 1 
from the glenoid cavity, andjl 
from a point immediately abovOif 
it, and other Hues ; 
arranged concentrically with I 
the surface of the glenoid"! 
cavity. We have here an , 
evidence of the mechanical 
arrangement of the fibres in 
their radiation from the poiniB 
of greatest pressure or traction 
— a beautiful provision far 
strength with lightness. 
Section of neclc of Miitltod of determining right 

icspuU md coracoid from U^'t. — Hold the bone in 

process, showing ar- ^^ position it WOuld OCCUpy 

rangement of bone _ r v j i.L ■ 

fibres. in your own body, the spine 

being posterior, the sharp angle 

downwards, and the glenoid cavity outwards; the 




■ glenoid cavitr looks outwards^i.r., [wints to the Bide 
P-to 'wbich the bone beiongs. 

PowU of mportmm' : — 

1. The bona lies very free and moveable, supported 
by and protecting' the thorax. 

5. The iai^e epine prujcuted backwards fur muscles, 

3. The acromion overhang the shoulder. 

4. The (glenoid cavity is very shallow, for fteednm 
of movement of the humerus, but is deeiiened in the 
natural state by a surrcuindinir rim of fibro-curtilaf^e. 

6. The fosBEe are arrang'ed so as to give the attacb- 
meni of muscles erjually around tlie joint. 

6, A Itirge bursa exists under the acromion, and 
sometimes over it. 
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Siiuation, — Occupies the upper btsi extending' fTOiaJ 
the Bhoulder to ths elbow, and is the largest anA 
longfest bone of the upper extremity. 

Shape. — It is a long bone with a glohular head^'J 
placed obliquely and looking rather backwards fori 
articulation with the scapula. A constricted, but not^il 
very distinct neck separates the head from the shaft..! 
Two tuberoeitJeB and an intervening groove are foun^ 
on the summit of the shaft, and are called respectively 
the great tuberosity (posterior), lesser tuberosity 
(anterior) and bicipital groove. The shaft is ap-V 
paren6y twisted inwards. The lower part of the-1 
bone is called the base, and possesses two projecting' 
masses (iilner and outer condyles) and a curious 
articular surface. 

Parts. — For the purpose of description, it is best to 
divide the bone into (1) an upper extremity, including 
the head, neck, tuberosities, and intervening groove ;. 
(3) shaft, and (3) lower extremity, including condyles 1 
and articular surface. 

1. Upper extremity. The head, or globular J 
portion, forms part of a sphere, is smooth for artitula- 1 
tion with the glenoid cavity of the scapula, and looks' 1 
obliquely upwards and backwards. It is sep 
from the rest of the bone by a slight co 
tion, the anatomic Eil neck, which is a mere line I 
above, but broad and distinct below j this give^ I 
attachment to the capsular ligament of the shoulder^ f 
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int, and is perforated by foramina for nutrient 
iseels. TI16 larg« moss nt the upper and liaulc part 
called the great tuberosity, and extends from 
deep groove in fi-ont, the liicipital groove, to the 
Dsterior aspect of the bone. It8 outer turjkcir is rough 
Dd continuous with the shall. Its upper surface 
lows three large fecets, tlie upjwr for the npra- 
^natui M., the middle for the ir{f¥a-spmatus M., the 
lower and posterior facet for the /cres miiwr M. The 
SOeser tuberosity projects from the front of the 
, internal to the hicipital groove, and is only 
.slightly separated from tlie head. To its summit is 
^Witaohed the m^sKiipalitris M., and the absence of any 
-well-marked neck in this position is to be accounted 
ibr by tlie fact of the capsular ligament being 
defective under this muscle. The bicipital groove 
iparates the two tuberosities, and is so called from 
its being occupied by the tendon of the long head ot 
le Meeps M. ; it runs slightly inwards and forwards 
I well as downwards. The upper extremity is 
, separated from the shall by the surgical neck, the 
constricted portion of the hone lielow the level of the 
'Itead. 

. Shaft. This is more or less prismatic, but 
tather cylindrical above, somewhat flattened from 
\ before backwards below. It is apparently twisted 
■inwards, but like other long bones, this appearance 
of twisting is really due to moulding of the surface. 
Jt has three borders and three suriaces. Ajtterior 
order extends from the front of the great tuberosity, 

Kd ends below at a fossa on the anterior surlnce of 
a base (coronoid fossa). It is rorigh above, where 
it forms the outer margin of the bicipital groove, and 
ere gives attachment to the peeturalis major M.; 
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roug*h in the middle, where it ibrms the edga of 
the deUoid impreseion ; smooth below, where the 
bracJiialia antieua M. rises from it. Outer border 
extends from the back of the great tuberosity to the 
outer condyle. It is smooth and indiBtinct above, 
where it is covered by the deltoid M. ; roug'h in the 
middle, forming" the hack edge of the deltoid im- 
presBion ; smooth below this, where it forms part of 
the musculo-Bpiral groove; prominent in its lower 
third, where it is called the outer condyloid ridge 
and ^ves altacbment to un intermuscular septum, 
snd its front ed^e to the mpiaator Irmffua M., and 
extensor carjii Tadialia lonffior. Inrier border from the 
lesser tuberosity to the inner condyle. Above it is 
well marked and forms the inner edge of the bicipital 
groove for the attachment of the teres major if., and 
latiasivms dorsi M., which extends also into the bottom 
of the groove ; in the middle is a rough line about 
one to two inches long for the coraeo-braehtalis M., 
and here is usually to be seen a canal running 
downwards for a large nutrient artery ; it is prominent 
in its lower fourth, and constitutes the inner 
ooudyloid ridge for an intermuscular septum, and 
the origin of a muscle, the pronator radii teres. 

The posterior surface is internal above, and is the 
space included between the outer and inner borders. 
It is convex above, slightly grooved by an oblique 
shallow groove (mtisoulo-apiral groove) which is 
better seen towards the outer border : this runs 
obliquely downwards and outwards, and separates the 
upper and lower humeral beads of the triaeps M., and 
lodges the museulo- spiral nerve and superior profimda 
Art. ; the lower part of this surface ia flattened, and 
is traceable into a large depression (the olecranon 
fbsaa). Inner surface between anterior and inner 
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borders commences above, in the bicipital groove, ia 
twoader in the middle, iind narrow a^ain below ; Uie 
lower half giveE attaeltment to tbe IfraehiaJis antieiu M. 
Ouler aitr/iwe between anierior and outer borders, 
Bmootb and rounded abuve. presents above tbe middle 
B Tougb triangular KurtMi.c, the deltoid impression, 
for tbe insertion of tbe deltoid St. ; below tbia, 
grooved by tbe continuation of the musoulo-spiral 
■groove, and becomes rather anterior in ila lower 
^ird; the lower half gives attachment to the 
\okiali» imtieus M. 

3. Lower extremity. This is somewhat curved 
forward and flattened. In front is seen a deprossion, 
the coTonoid fossa, so called because tbe coronoid 
process of tbe ulna fits into it in flexion : and some- 
times a smaller depression to the outer side of this for 
"the head of the Badius. Behiml is a still larger and 
deeper depression, the olecranon fossa, into which 
tbe olecrnnon process of tbe ulna tits in extension, 
and tlie bone is extremely thin, or even perforated, 
between these two fossffi. Of tbe two lateral promi- 
nences, tbe inner projects more than the outer. This 
inner condyle gives attachment to tbe superficial 
^exoT muscles of tbe forearm, and to the inter?tal lateral 
ligament of tbe elbow-joint. The outer condyle is 
less prominent, partly in consequence of the outer 
condyloid ridge being very pronounced, and it is so 
closely connected with the outer articulating surface 
or capitellum, that a fracture through it almost neces- 
sarily involves the elbow-joint, whereas the inner 
condyle can more readily be broken off without tbe 
articular surfaces being injured. To tbe outer condyle 
sre attached tbe superficial exteniors of tte foreami, 
and there is a depression close to the articular surface 
.for the ta^enud iaterai ligammt. 




The articular eurfitce occupies the base of the bone^ 
md prqiects lower down on the inner side; it te't 
broader anteriorly than posteriorly, extends to about 
an equal height in front and behind ; the inner part 
or trochlea is continuous with both coronoid and 
olecranon fossze, the outer part or capitdlim eiists 
only in front. Tlie capiteUum is the roundei ■ 
portion in front of tbe outer condyle, lost behind ii 
point a little behind an imag'inary median tmnByerss I 
linOjSeparated from the rest of the articular surlace fays' I 
shallow groore. It is for articulation with the radiu«^ 
but only when the forearm is flexed. The trooMea j 
is the large pulley-like surlnce which lies below &0<J 
axis of the shaft ; it does not extend to the condyles^ j 
it has a deep median p^roove which extends from th»l 
coronoid to the olecranon fossni, and therefore runs 1 
rather obli([uely, so thnt in flexing the forearm it is 1 
naturally thrown towards the body. The inner lip of I 
the trochlea has the articular surface extended over it.J 
in front but not behind, but the outer lip is only wellla 
marked behind to provide for the greater steadinegsrM 
required when the forearm is extended. The outer-W 
lip of capiteUum also has the articular surface extended 'I 
over it. The margins of the articular surfaces gire<| 
attachment to the capsule of the joint. 

The things seen in oriier across the lower end are 
therefore: — 1. Inner condyle, 2. Inner lip of trochlea. 
3, Groove of trochlea. 4, Outer lip of trochlea. - 

5. Groove between trochlea and capiteUum. 6. Con- 
vexity of capiteUum. 7. Outer lip of capiteUum (6, 

6, and 7 are only seen in front). 8. Outer condyle. 
Dfveliijment. — From seven centres, seen, one in shaft 

in about the 5th week of fcetal life ; head, 1st or 2nd 
year ; great tuberosity, 2nd year ; radial portion of 
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use, Snd year; mner condyle, about fitli jcar; 
Whlea, 12th year; and outer condyle, 13-16 years. 
jpmetimeB an additional centre is seen in tbe lesser 

roeity. 
fJrtieiilatiimii. — Witli three Ijones — scapula above, 
jdius and ulna below. 

—The first tiling which BtrikeH an 
s the much greater size of the head than of 
Eocket in which it is placed, Moreover, one 
oanitol help being struck with the shortness of the 
neck compared with what we shall afterwards find in 
the corresponding bone in the lower citreraity (the 
femur), the smalJness of its projections or tuberosities, 
and their nearness to the Joint. What are the results 
of these arrangements ? (1) Qreat freedom of rota- 
tory and every other movement, bat great liability to 
displacement— and, as this is the most freely moving 
joint of the body, so it is the most frequent seat of 
dislocation. (2) The muscles acting upon the 

Kaerus, being so close to tbe fiilcrum or tuming- 
nt, gain immensely in the space throngh which 
ly move the long arm of the lever : they lose, 
however, in strengti. But it must l>e remembered 
that mere strengtJi is not the only requirement in 
animal mechanics, hut compactness of" parts, and pro- 
vision for rapidity and estent and variety of movement. 
The strengtli of tbe bone is increased by its external 
and internal structure. Looking at it from tbe front 
or back, it is seen to be doubly curved like an italic/.- 
looking at it irom the side, it is curved considerably 
forward below. These curves provide an elasticity 
which must be of great importance in protecting the 
bone from injury in the many occasions when it is 
jarred in its long axis. 
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There appears to be a twisting: of the bone inwards, 
but this may more accurately be called a moulding 
of the surface ; still it must not be overlooked, a; 
probably exerts a definite 
fluence upon the mechai 
the bone by adding to its elfls* j 
ticity in the siimo way as a spiral 
spring. This spiral moulding of 
the surface is seen in nearly all 
the long hones. 

In its internal structure (Fig. 4) 
we see reason to admire the 
mechanics of nature, for we 
find a truly marvellovis com- 
bination of lightness, strengtli, 
elasticity, and adaptation to 
the varied movements of the 
. joint. Examining the upper 
The dark end, we find that springing from 
he bone in- ^jjg compact shell of the shaft 
are curved fibres, arching in 
various but in definite direc- 
tions, running from this firm support in a series 
of divergent curves, whose ends can be best traced to 
those surfeces which bear the greatest pressure. It 
must he home in mind that there are two joints into 
which this part of the bone enters— the shoulder-joint, 
and that under the coraco- acromial ligament, and 
consequently there are two surfaces of pressure — ^one 
that of the globular- head, the other, that of the upper 
aspect of the great tuberosity. Now, the divergent 
curves referred to are definitely related to these two 
surfaces; those starting from the outer side of the 
bone [erminate partly by impinging upon the articular 
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surface, especially its lower half, and partly by 
entering the great tuberosity and terminating per- 
pendicularly to its upper surface. Those starting 
from the inner side of the shaft in part interlace with 
the first set, but the upper and more numerous curves 
terminate in the articular surface, especially its upper 
half. This combination of curved fibres has the 
effect of opposing some one or more sets perpendicu- 
larly to the point of contact in whatever position the 
shoulder is placed, and seeing how intimately the 
cross-curves are connected, the whole structure 
presents a simple but wonderful lattice-girder arrange- 
ment, far surpassing our most ingenious contrivances. 
It will be useful to compare this with the arrange- 
ment found in the femur, and a curious similarity of 
construction will be found. 

Looking next at the lower end of the bone 
(Figs. 5, 6, 7) we see similarly curved lines imping- 
ing upon the articular surfaces, or strengthening the 
bone by their lattice-like arrangement, as seen in the 
condyles ] but it must be noticed that these lines are 
always curved. In the median section this is beauti- 
fully shown, and the effect in this case is to oppose 
certain fibres always perpendicularly to the surface, 
and yet insure their being elastic and but little 
liable to injury — a result which would not be ob- 
tained if the lines were straight, even though they 
radiated. 

Means of distinguishing right from left, — Hold as if 
upon your own body, with the globular end upwards 
and the trochlear surface downwards, with the tuberosi- 
ties in front and large olecranon fossa behind, the great 
tuberosity, and the less prominent outer condyle will 

d2 



be on the outer aide — i.e., will puiat to tlie side to 
which the hone belongs. 




Points of impoHaace : — 

1. Eoiie apparently twisted inwards below. J 

2. Large head,~B^^Iiieck, two tuberosities. ^| 
.'(. Tuberosities separated by bicipital groove. ^| 

4. Peculiar articular surface helow. Trochlea con* 
tinuous with both fosste, capitelluin only on front 
of outer condyle. 

5, Inner condyle very prominent; outer more i 
relation with articular surface. 

fi. Nutrient artery runs towards elhow. 
7. Mechanical structure. 
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Synonynil : E. Small booe of the arm. 0. Siwiclie Arm- 
spindel. Fr. Kiiyon. h. Fooile miuiis. 

SitiuUioa. — The Radius is one of the two bones 
composing the forearm ami is placed on the outer 
ffide. It has only r slight coanexion with the 
humerus above, but at its lower end is larga and 
comes into contact wit!i tlio first row of carpal bones. 
—A long' hone with a small upper end or head 
BUrmdunting a constricted ueck. Its shaft iirismatic 
and curved. Its base large and somewbat quadran- 
gular, ending on the outer side in a pointed process 

■the styloid process. 

Farts.— {1) Upper extremity, including; the head, 
neck, and a tuberosity, (3) 3Uaft having: three 
borders and three surfeces. (3) Lower extremity. 

1. Upper extremity. The head can be easily 
felt in one's own arm by placing the thumb inside the 
outer mass of muscles in front of the bend of the elbow, 
and the fingers below the outer condyle behind, and 
rotating the hand : it has on its summit a con- 
cave smooth surface, for articulation witli the outer 
condyle of the humerus in flexion. Surrounding the 
head is a smooth surface, continuous with that just 
noticed above, about a quarter to a third of an inch 
hroad, but best marked on the inner side, where it 
comes into contact with the lesser sigmoid cavity of 
the ulna ; the rest of tbe smooth surface is for the 
orbicular ligament of the radius, which allows of the 
head of the bone rotating on its own aiia. The 
neck is the constricted portion immediately below 



the head. The tuberosity is a fliittened prominence 
uE the inner side just below the neck ; its front part 
is smooth tor a bursa; its back part is rough, for t!ie 
insertion of the Biceps M. 

2. Shaft curved with its convexity lookinjj to the 
outer side. Inner border extends from the back of the 
TuberoBity, forms a shaq) edge in the greater part of 
its length for the interosseous memirane, divides below 
about one to two inches from the base, Bud ende on 
each side of a small concave articular surface for the 
ulna. This border is concave. Anterior border extends 
from the front of the Tuberosity, running at first as a 
distinct oblique rounded ridge, the oblique line, to 
the middle of the outer side 
Fig. 8. of the hone. To this oblique 

line is attached the Jlexor 
sublimis dig. M. The border 
then becomes ill-defined, and 
passes in front of a rough 
surface (for the proitator teres 
M.) and ends below as a sharp 
ridge in front of the Styloid 
process. Posterior border ill- 
defined above, well-marked in 
the middle, and ends in a prominent ridge fully half 
an inch behind and to the inner side of the Styloid 
process. Anterior surface between inner and anterior 
borders extends from tiie Tuberosity to the base, 
narrow above, becoming broader in the middle, where 
it is slightly concave for the ^flexor longus polUcis M., 
and still broader and fiattened in its lower third for 
the primator quadratm M. ; at its lowest limit it pro- 
jects forward. Near the inner sharp edge in its upper 
half is seen a foramen for the nutrient artery which 
nms towards the head of the bone. Posterior surface 
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between inner and posterior borders, rounded above, 
sometimes marked by an oblique line which runs 
from die back of the tuberosity to the middle of the 
outer side of the bone, and indicates the limit of 
attachment of the supinator irevis M. ; rough and some- 
timeg hollowed in rather more than ita middle third for 
dee^ emtensor museliis; well marked and coocavc from 
ide to side at its lower end for lodging the tendons 
.pf exteiuor seeiaidi inlemodii poUieii M, (in a separate 
deep groove close by the posterior margin) and the 
extensor eommanis and artensor indicia Ms. Outer Eurfnce 
rounded, smooth above for the svpinalirr brevis M., 
rough in the middle for the pronatm- radii iere^ 3f.. 
irregular and grooved longitudinally below ; one of 
these grooves is placed rather to the front of the 
styloid process, and is double and lodges the esotenaor 
oasis mctaearpi pellids and i^vtcnsor primi mlmtiodii Ms. ; 
the other is placed rather behind the styloid process, is 
also double, and lodges the tendons of the extensor carpi 
radialii loiigior and irevior Ms. Into the styloid process 
itself is inserted the aupinaiar longus M. 

3. Iiower extremity, quadrilateral, with the Btyloid 
prooeas projecting downwards on the outer side for the 
eoTtemal iaterid Hgament of wrist-joint. Three surfaces, 
anferit>r,p[wteri0r,and0uter,have been already described 
in continuation with those of the shaft. The ijmcr 
surfaee Js concave and triangular, rough above for 
ligamentous fibres, smooth and articular below for 
tlie lower radio- ulnar articulation ; the lower edge of 
this surface is sharp for attachment of the trianrjulnr 
Jibro-oartilage. Under, or articular surface, rather 
triangular in outline, concave in both directions, 
traversed by a iaint ridge from before backwards, 
which marks off a smaller inner quadrUat^ral surface 
for articulation with the semilunar boae, mi.4. ft. 
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larger outer triangular surface for the scaphoid 

Artioulatitms. — By its Bummit with capitelliim on 
the outer condyle of the humerus, but only diirin"; 
flexion ; by the inner side of the head with the lesser 
sigmoid cavity of the ulna; hy its lower surface 
with the carpus ; and by the small concave articular 
surface on tlie inner side of the base with the lower 
end of the ulna. 

Development. — From three centres. Shaft, early, 
about 5th week of ftetal life ; lower end, 2nd year ; 
head, Sth year, but the head unites with the shaft 
(15 years) earlier than the base (20-25 years). 
Notice here that the nutrient artery runs towards 
the head, or the epiphysis which is the first to unite, 
and that this is tbe {>:eneral rule in long; bones. 

Xechemmn. — This bone enters largely into the 
formation of the wrist-joint, but only comes into 
contact with the humerus when the arm is bent. It 
presents certain curves, the main one with the 
concavity directed towards the ulna, another with 
the concavity forwards, seen on the anterior surface 
below. These contribute to the elasticity of the 
bone. Moreover, the inner edg'e forms a rib, or 
g;irder, increasing greatly the strength of the bone, 
and when excessively bowed, as in rickets, this girder 
is proportionally increased. It is in the bowed 
portion that fracture usually occurs. Unlike moat 
other long bones its apparent twist is slightly outwards. 

Looking at the upper end we find that it is 
evidently arranged for rotation upon its central axis. 
Looking at the lower end it is evident that rotation 
occurs round a point which corresponds with the 
depression under the styloid process of the ulna, 
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and this will be referred to more fully after conaider- 
in^ the ulna. The lower end ib expanded evidently 
" r the leverage of muacleB, and for tLe support of 
e carpus. 

When a blow is received on the hand with the arm 
>utBtret«hed, force is transmittod throuf,'h the radius, 
lot to the humerus directly, but the fibres of the 
Bterosseous membrane (Fig. 20) which run purposely 
lownwards to the ulna drag upon that bone and force 
t against the humerus. 

If a section be made of the bone throug;h the head 
(Fig. 9), it will be seen that the fibres of the cancellous 
tissue which compose it are arranged with wonderlid 
egiird to its strength. They spring from the thicker 
f the shell, and form diverging curves which 
roBS one another, and the upper ones terminate upon 



Fig. 9. 





le BFticular Bur&ce in such manner that some are 
[ways vertical to the liup of pressure, and the coin- 

itttion of these curves provides the most perfect 

tice-girder that can he imagined. 



43 RADICS. 

A section of the shaft shows the shell to be 
thickened, but in those bunes where the Btructnre is 
atrophied, a distinct arrang;emeEt of bone-tihres in 
interlacing arches maj be traced. The inner edg;e is 
uBualij the thickest, and is of importance, as acting 
in the manner of a t g;irder. 

At the lower end (Fig. 10), where the bone is ex- 
tremely porous, it will be noticed that a very thin plate 
of bone lines the articular surface, but great streng'th 
is insured by the arrangement of the hone fibres. 
They are still slightly curved, but in opposite direc- 
tions, towards the opposite sides, this convexity 
being towards the middle line of tlie bone, and the 
middle ones interlacing'. Other curved lines are seen 
running' nearly horizontally. 

Method of distinguishinff r^ht from. left. — Hold, as if 
in your own arm, with the head upwards and base 
downwards, the flatter surface in front, and convex 
side of the base behind; the styloid process and 
convex border of the shaft will be on the outer side — 
i.e., will point to the side to which the hone belongs. 

Pmnts of importance : — 

1. Anterior surfece concave, but flat below, and 
broad, to afford large attachment to pronator quud- 
ratus M. 

2. Posterior surface rather convex, and presenting 
a deep ohhque groove tovrards lower end. 

3. Tuberosity has smooth surface in front for bursa, 
and rough surface behind for insertion of bkeps. 

4. Rough surfece for pronator teres, oblique ridge 
ioT^fieiEor sitblimis. 

5. Two articular surfaces at lower end at right 
angles to one another. 

13. Mechanical arrangement at each end. 



ULNA.— Plate III. 

fnooyma : E. CuMt 0. Das EUanbogBii-boiii. Fr. Oa du 
coado. £. Cnbitiu (ni'^iriM'), focile majue. 

—One of the two bones of the forearm, 
■iTfoTraing the chief means of conceiion between tlie 
If^ottrm and bumerufi, but below onlj small and not 
rooming' into direct contact with the carpus. 

—Massive nhove, ending in a beaked process 
I ^the olecranon) which overhangs a large articular 
[ fivmtj (the great sigmoid cavity) ; the lower or 
Ijuiterior limit to this cavity is formed by another 
7 marked process (the coronoid process). Below this 
I the shaft gradually diminishes in size and is doubly 
I tarved and ends in a rounded base, from the inner 
J fknd posterior side of which a small process, the 
I "ityloid, projects downwards. The shape is there- 
1 ibre almost the reverse of that of the radius, which is 
I small above and large below. 

Parts. — (1) Upper extremity, including olecranon, 
I ooronoid process, and gteut and lesser sigmoid 
I cavities. (3) Shaft. (3) Lower extremity with 
t Jrtyloid process. 

1. TJpper extremity. The mass which forms this 
is deeply hollowed out by the great sigmoid cavity, 
which is overhung by the olecranon, or tip of the 
elbow, the direct termination of the shaft : the 
under lip of the cavity is formed by the process 
CEdled coronoid (Kopam), a crow's beak). 

Oleoranon {^Kein}s tpdiH)!!, tip of the elbow) is con- 
Ltinuous with the shaft, is large and curved forwards. 
Ut is contracted just where it joins the shaft, and it is 
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by the olecranon that the ulna exceeds the radius in 
length. This portion of the hone is homologous with 
the patella in the lower extremity. Its posterior 
Bur&ce is smooth and triangnjlar and is suhcutsncous; 
over it is sometimes a hursa ; its upper surface is 
uneven, the greater part being' for the intiertion of 
the triceps M., hut a narrow part is left near the free 
margin for the insertion of the posterior lip;ament of 
the elbow-joint; its articular surface forms part of 
great sigmoid cavity, is concave from above down- 
wards, convex from side to side owing to a median 
ridge which nins obliquely. This articular surtace 
is continuous with that of the coronoid process and 
lesser sigmoid cavity, but the limit of each part is 
indicated along the margins by a rough depression 
more or less complete, and occupied in the natural 
state by synovial folds. 

Coronoid. prooess rather triangular, projecting 
forwards, its anterior surface roug'h for insertion of 
hrachialU antimm M. ; its outer surface has upon it a 
shallow concave depression, the lesser sigmoid 
cavity; its inner edge is sharp and gives attach- 
ment to some muscular slips (second head of pro- 
nator radii teres, Jlexor iuhliwis iigiiorum) ; the inner 
surface is rather grooved ; its upper or articular surface 
is otwcave from before backwards, concave from side 
to side owing tu a median ridge. 

O-reat sigmoid cavity occupies part of olecranon 
and coronoid processes, is deeply concave from above 
downwards, convex transversely as the result of a 
nearly median ridge which leaves the inner part 
larg^er than the outer, and which fits into the trochlea 
of the humerus; the upper or olecranon portion is 
i from the lower by a notch on each side. 

L oavity is continuous with tht 
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^eat«F, occupies tLe outer side of the coronoid 
process; to its two extremil^ieB are fixed ibe two pude 

nf the oi-Mmdar ligatnent which holds the radius in 
position against the lesser sigmoid cavity. 

3, The shaft baa three herders (anterior, outer and 
posterior) and three surfaces (anterior, posterior and 
inner,) Anterior bardir continuous with the inner edfje 
of coronoid process and extends to the front of the 
styloid process on the hase of the bone. Outer border 
ranet be traced from behind the lesser sigmoid cavity, 
forms a sharp edge except at its lower end, where it is 
lost on the articnlating surface for the radius ; it gives 
pftttachment in nearly its whole length to the iulero/aemu 
^tbranv. Posterior harder well marked in the gjeater 
if its length, extends from the triangular surface 
1 the hack of olecranon to the hack of the styloid 
^ooess and gives attachment to an aponeurosis for 
muscles in front of and hehind the tbrearm {extcMor 
wpi ubiarii and Jlexnr earp-i vlnarU Ms.). Anterior 
mr/ace commences above on the outer side of the 
Joronoid process at the root of which is a taberclg for 
"leoiiitfwsradio-ulnar ligament; helow this thesurtlice 
s flattened or concave for the Jlcvor prqfmidui! 
'gigitomm M., and the lower fourth is rounded for the 
w ipmdratiis M. Tlie posterwr aurfaee between tfie 
outer and posterior margins shows hehind the lesser 
sigmoid cavity, a triangular surface for the anconeus M., 
which is limited below by the oblique line of the 
rulna; the lower three- fourtbs show a longitudinal 
which indicates the limits of attachment of 
inuscles. Inner surface smooth, apparently twisted, 
trives attachment to %h.& fexor projundus dii/itornm. M. 
. Lower extremity, small, rather rounded, but 
[i a flat under surface from the inner side of which 
There are two artxcuUiT 
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surfaces, the basal or htircr being nearly circular for 
articulation with the triangular libro- cartilage of the 
wrist-joint, the lateral covering nearly half the cir- 
cumference of the hase on the outer side and being 
for articulation with the sigmoid cavity of the radius. 
The styloid pFocess is small and gives attachment 
by its apex to the internal lateral ligament; it is 
grooved behind for the extensor carpi vliiaris M., and 
between it and the basal articular surface is a depression 
for the triangular fibro- cartilage which supports the 
base of the bone and connects it with the radius, 

Articulations. — With t!ie humerus and radius above, 
with tJie radius below. It does not come in contact 
with the corpai bones below, but is separated from 
them by the triangular fibro- cartilage. 

Vemhjmenl. — By three centres, for shaft, base, and 
tip of olecranon, resembhng the radius in times of 
appearance and union. 

Meehonism. — First bear in mind that the ulna is the 
only bone in contact with the humerus in most of the 
positions of the limb, and that the great hinge-joint of 
the elhow is formed between those two bonesjfrLooit- 
ing at the general conformation of the ulna you notice 
the expanded head and the rather tapering shaft. 
The latter is provided with greater resisting power to 
force applied in its long axis by its double curve, seen 
well in Plate III., and by its ribbed edge. At its 
upper end the trochlea or pulley surfece is not so 
simple as at first sight appears, and tbe motion here 
is not simply antero -posterior hut with a curved 
direction inwards, so that in jnid-fleKion the hand is 
thrown across the body. By this means the lim 
made more available for protection and feeding. 

If we look naxt at its articulation with the radios^ I 
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notice that the cup-sh^ed lesser Bigmoid cavity 
ftitows rotation of the liead of the radius upon an axis 
(liich ia in tlie centre of tlie betid of the rndius; at 
the lower radio-ulaiir artiualfttiDn Xha uoaditions are 
altered and the radius rotates round 
a point near the styloid process of fig. i'- 

the uinFi. The result of this is to 
permit free movements of pronation 
and supination of the hand without 
displacement at the elbotv-joint. In 
Fig, II tlie real axis of rotation of 
the radius is the lino a, b. This line 
represents tlie axis of & cone of which 
the base is e, d, and the truncated 
apex is e, f. " The centre of the 
truncated apex corresponds with the 
centre of the head of the radius, 
and the centre of the base coincides 
with the centre of the circle of which 
the sigmoid cavity is a segment. If 
the prolonged axis of the head of the insmoMn'of ndiui 
radius fell upon any other point than round an a.ii, a b, 

the centre of the sigmoid curve, there ^'T^. i^™"Kh 
f 1.1 "'^^ °' ""fiia and 

would necessaruy be a slight bin ^e- base of ulna. 
like motion at the upper joint, when- 
ever pronation occurred at the lower." (Ward). 

The two large processes, olecranon and coronoid, fit 
into the cavities of the humerus in extreme flexion 
and extension {PI. III.). These processes may be 
broken oS' by injury, and dislocation can hardly occur 
without fracture of one or other process. 

The shape of this bone being peculiar and evidently 
intended for special mechanical purposes, the arrange- 
ment of its internal structure becomes of considerable 
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importance. In a vertical Eection of tLe upper end 
from before backwards (Fig. 12), we ure able to see 
that tlie same principle is carried out as in other bones 
already noticed, that it is built up essentially of curved 
columns more and more diverg'ing, and that the upper- 
most of these are concerned in the support of pressure 
at the joint-surface. Those spring'iag; from the front 





wall of the shaft receive the pressure which occurs 
when the arm is extended as in striking " from t]ie 
shoulder," or in pressing with the arms straight ; those 
springing from the back wall of the shaft impinge 
upon the middle of the articular surface in part, but 
part run into the olecranon, and so would receive tho 
pressure acting through the length of the hone when 
the arm is bent and the elbow rests on the table. 

In a section of the same part (Fig. 13) from side to 
side vre see a somewhat similar arrangement of cross- 
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ing parabolic curves forming arclies more and more 
pointed aa tliey are traced upTOards. Tbere does not 
appear to be any clearly defined arrangement in con- 
nexion with the leaser sigmoid cavity, and from this 
it is evident tbat very little pressure occurs between 
the two bones at this joint. 

In examining a simple transverse section through 
the head, the curved columns are again found to be 
in relation with the articular surface for the humerus 
and not for the radius j ihey impinge vertically upon 
the former surface. 

At the lower end (Fig. 14) the arrangement con- 
sists of two sets of divergent curves, one of which 
ends upon the lower articular surface which presses 
upon the triangular ligament, and the other set runs 
into the styloid process. 

When a transverse section is made through this 
end the main direefion of the fibres is 
found to be parallel with tl* articular 
surface, and not impinging upon it — 
another evidence of this absence of 
mucb pressure at the articulation. 
Means of distinguixhiag right from 

Ifji. — Hold the bone in the position it 
would naturally occupy in the body, 
with head upwards and larger ole- 
cranon process posteriorly ; the lesser 
sigmoid cavity and sharp edge of the 

ihaft are on the outer side — i.e., to the .'""j'' , 

ide to whii;h the bone belongs. lower end. Plan 

Points 0/ importatice. — 1, Upper end ofconirrucdon. 

irticulates freely with humerus, and 

iresents two large projections— coronoid and ole- 
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9, Lower end small, separated from carpus by tri- 
angular ligamem, 

3. United to radius above and below pectiHorly, 
and aloDg its shaft by a. strDsg interosseous mem- 
brane : above the ulna receives the side of the head 
of the radius in a fossa, below it fits into^a sfaaUow 
fossa on the radius. 

4. Meohanism. 
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Die Handworael. Fr. Lb poignei. 

SUuatioH. — The carpus consists of ei^hc Enmll bones, 
'firmlj boimd togetheTj but allowing of gliding move- 
ment between them. They are interposed between the 
forearm and metacarpus, and belong rather to tlie band. 

Shape. — The carpus as a whole is arched above and 
concave forwards, and can bo divided for convenience 
Bake into tmo roms. The ujiper consists of four bones, 
^e scaphoid (nearest to the thumb side), the semi- 
lunar, the cuneiform, and the pisiform projecting 
forward on the little finger side. The seeonA ram 
Consists also of four bones, the trapezium, which 
articulates with the thumb, the trapezoid, the oh 
id the unciform, whose hooked process 
|irojects forwards beneath the pisiform bone. The 
thape of the separate hones otl^ers at iirst sight hut 
[little means of determining them separately, but on 
closer examination each has some distinctive feature. 
It must be noticed that each hone has sis surfaces, 
and of these the anterior and posterior are rough for 
ligaments, and owing to the carpus being arched 
forward, the posterior surfaces are naturally broader 
than the anterior. The upper and lower are in all 
cases (except that of the pisiform) smooth and covered 
with cartilage ; the upper surfaces convex because 
the first row is arched and fits into the radius, anil 
the second row is also arched, and tits into the firsr 
in rather more than half its extent ; the under sur- 
faces are consequently generally concave. The imrr 
and outer surfaces are mostly smooth for articulation 
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with adjacent bones, otherwise they are roug;h and 
tubercular. On the back of the first row it is worth 
while to notice a horizontal groove which marks 
ali except the pisiform ; it is for the posterior 
lig'ament of the wrist-joint. It must he borne in 
mind in esamining the bones separately that each 
contributes to the inechnnica! arrangement of the 
carpusj and that certain arches are provided to give 
Btreng^ to a part so exposed to injury as the wrist. At 
Hrst, thea, for this purpose notice the dimhle arck formed 
by the upper row of bones — one with the eonvesity 
upwards, the other with its convexity towards the 
dorsum, its two ends being the pisiform and tuberosity 
of the scaphoid in front. Next notice in the second 
row that the inner two hones {on the little finger 
side) fit into the arch of the first row, but that the 
outer two bones together form a cup which receives 
the end of the scaphoid. Lastly, notice that the 
metacarpal bones articulate in a rather curious manner 
with the carpus — the first metacarpal with one, the 
second with three, the third with one, the fourth with 
two, and the last with one, and that the second and 
third have their adjacent sides prolonged upwards on 
the dorsum. 

Deta^nation. — Various methods have been adopted 
for assisting the student to determine the bones when 
separated, but any plan is faulty and likely to mislead 
rather than help, unless it follows some general rule 
for all the hones. The plan here proposed is to fit, as 
it were, each bone in on articulated hand, suspended 
before the student with the palm iaeing himJ'^What- 
ever therefore points to the inner side points to the 
side to which the hand belongs. The position would 
correspond with the front view in Plate IV, 




I 



nOID,— Plate IV. and Fias. 16, 10. 

ijnna : Q. Du Kabnbein. SchifilieiD. Fr. Le acaphoide. 
L. Naviculare, Bcaphuidoum, 

Known by its boat-shaped socket, for the head of os 
agTiiim J by the homontol groove between the two 
convex surfaces, for the posterior ligament of wrist ; by 
its pFOJecting tubercle for the external lateral ligament 
of wrist, anterior annular ligament, and abductor pol- 
licit M., and by a thin convex edge which separates 
the socket from the upper convex articular surfece, and 
which is itself smooth for articulation with the. semi- 
lunar. It is tlie largest and outei'most of the first row, 
and is placed rather obliquely with its long axis down- 
wards and outwards. Upper surface convex, smooth, 
rather triangular, for articulation with the radius. 
Lonier surface smooth, convex, the outer part for arti- 
culation with trapezium, the inner with the trapesoid. 
Donal Jur/iiM rough, grooved for posterior hgamentof 
the wrist. Faltaar mrfaoe hollow, ending in a tubercU 
at the outer extremity for the anterior annular liga- 
ment, external lateral ligament, and abductor pel- 
liek M.; this tubercle overhangs the lower convex 
articular surface. Outis- furfacc rough, continuous 
with tubercle. Inni-r svr/ace shows the socket for the 
iliead of the os magnum, and above this a small 
articular facet for the semilunar^ this is cDntinuoui> 
with the upper articular facet. 

HettrmijiatUm. — Hold the bone so that the larger con- 
'fex Bur&ce looks upwaTds,*the socket surface down- 
wards and rather inwards, the narrow grooved dorsal 
surface away from you ; the thin convex edj^« points 
towards the cuneiform — i.e., towards the inner side of 
tbe hand — Ce., to the side to which the hand belongs. 




SEMILUNAR,— Plate IV. 



Known Ly its two semilunar surfaces. 

It is situated in the middle of the upper row, 
between the scaphoid and cuneiform. Upper surface 
smooth, convex, with four edges ; it articulates with 
the radius. I^mer surface deeply semilunar, broader 
from before backwards, articulates with os magnum, 
and by a narrow facet near the inner edge with the 
unciform. Ditrsal surface roM^h, grooved transversely 
for ligaments. Palmar surface rough, rounded, and of 
greater extent than the dorsal. Outer surfaee having a 
narrow semilunar facet for the scaphoid. Imwr sur- 
face marked by a four-sided smooth facet for the 
cuneiform. 

Detennination. — Hold with the large four- sided 
convex surface upwards, the large semilunar facet 
downwards for the os magnum, the narrow grooved 
non-articular (dorsal) surface away from you, and the 
rounded larger non-articular surface facing you : the 
narrow convex edge of the upper surface points 
towards the cuneiform — i.e., the inner side — i.e., 
towards the side to which the hand b 
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CUNEIFORM.— Plate IV. 

Synonyms: O, Das Pyramidenbein, Dreisitigebein. Pr, Le 
pyramidale. L. Os triquetram, pyramidale, cnneifonne. 

Known by its wedfi^e-shapey its small^ round, distinct 
facet for the pisiform, and by its concavo-convex 
surface for the unciform. 

It is placed at the inner or ulnar end of the first 
row, and has the pisiform projecting from its front 
surface. Its upper surfacej which is rather internal, 
shows an inner part, non-articular for ligaments, and 
an out«r, articular for contact with the triangular fibro- 
cartilage of the wrist-joint, but it does not come in 
contact with the ulna. Lower surface is rather external, 
is concavo-convex for the unciform. Dorsal rough, 
grooved transversely for ligaments. Palmar flat, 
non-articular above, but showing a distinct circular 
facet below for the pisiform. Outer four-side(J, 
articular for semilunar. Inner rough for the internal 
lateral ligament of the wrist. 

Detemdnatum. — Hold with the base of the pyramid 
upwards and slightly outwards, the flat circular facet 
for the pisiform occupying the lower half (or apex) 
of the triangular (palmar) surface which faces you ; 
the large non-articular surface looks to the inner 
side— i.^., to the side to which the hand belongs. 




SynanymB : Q. Dos Erbaeabetn . Fr. Le piBif onne. 
forme, subrotunduia, rotuadoni, orbicnlaro. 

Known by its being' pea-like and having & aing'le 
liicet. 

It is placed on the front of \b.i> cuneiform, and has 
a strong muscle inserteil into it (e^Eteiisor carpi ulnaris), 
another risiny^ from it {abductor minimi diffiti), and 
tbe anterior annular ligament is connected with it. 

A well-marked bone is rather flattened from side to 
side, and the lower portion overhangs the facet rather 
more than the upper, and runs downwards towards 
the unciform with which it is connected. That side 
of the bone (outer) which is towards the middle of 
the pahn is grooved more than the other (inner). 
The facet occupying its posterior surface is continued 
on to the upper border of the bone, and the over- 
hanging bone is grooved on the outer side close to 
the iacet. 

Determination. — Hold with articular facet away from 
you, first noticing carefully into which surface it is 
most continued, placing this surface upwards, and the 
larger overhanging part of the hone downwards : the 
rounded surface, not grooved, looks towards the inner 
side of the hand — i.e., towards the side to which the 
hand belongs. 



THAPEZIUM.— PuTB IV. Am Fins. 15, 16. 

mjmouymB : 0. Das Trapiizlioia. F>; Le trap^zo. L. Os miU- 
tODgnluin majuB, rhomboiJeB. 

Known by its saddle-shaped lower arriculur surface 

T tlie tbuml), by a well-marked rid^e and a deep 

I groove, botli running; vertically, on tbe anterior 

I or palmar surface, for tUe tendun of the flexor carpi 

I radialis. 

It is the outermost uf the Becond row. The upper 
mrfaee is rather internal, and is smooth, concave tor 
I the scaphoid, continuous with the inner surface. 
I Jjoiver saddle -shaped, smooth for metacarpal bone of 
■ thumb. Dorial rough, n on- articular. Palmar roug;h, 
w, with well-marked vertical ridg'e for anterior 
annular ligament and some of the muscles of the 
thumb {uMuetor and ^ftaeor breoia poUicu) ; on the 
inner or ulnar side of this ridg^ is a deep vertical 
groove tor the tendon of _/(fawr car;;* radialit. Outer 
OT radial side rough for ligmneuts. Inner continuous 
■with upper, has a large concave facet for trapezoid 
b above, and a small oblong one below lor the projeet- 
I ing edge of the second metacarpal bone. 
" Determination. — Hold with ridged (palmar) surface 
facing you, the ridge being vertical, and the saddle- 
shaped surface downwards and outwards : the groove 
will be on the inner or ulnar side of the ridge — i.e., 
will point to the side to which the hand belongs. 




TRAPEZOID.— Plate IV. and 



la known by its small siae and irregtUar trapezoid 
shape, having; four sides faceted. 

It is the smallest of the second row, and is placed 
like a. wedge between the trapezium and magnuin, the 
base of the wedge being towards the dorsum. Upper 
surface four-aided, usually narrow, with niargins 
nearly parallel, rather concave from before backwards, 
articulates with scaphoid. Lower surface concave from 
before backwards, convex from side to side, fits into 
hollow at base of second metacarpal. Dorsal lar^, 
rough, non- articular, its lower and inner angle pro- 
jecting considerably towards third metacarpal. Palmar 
rough, small, and gives attachment usually to part of 
the Jiexor brevis poUieis M. ; this surface is prolonged 
outwards and backwards below, between tbe outer 
and lower siirfaces of the bone. Outer four-sided, 
articular,coiitinuouswith the upper surface, sometimes 
entirely separated from tbe lower by a prolongation of 
the palmar non-articular surface. Inner longer than 
outer, concave from before backwards. 

Determination. — Hold with large non-articular 
(dorsal) surface away from you, and with prolonga- 
tion of anterior surface downwards and to one side, 
the narrow, sharply- defined, oblong facet being 
uppermost ; the base or dorsal portion will project 
towards the inner side — i.e., towards the side to which 
the hand belongs. 



OS MAQNUM.— PiATB IT. JND Pio. 1 

Synonyma : Q. Daa Kopf bein. Ft. Le graad ofi. 
L. Ob capitatnm. 

Known bj' its large size, pyramidal shape, with 
rounded head and slig^htlj constricted neck. 

It is the largest bone of the eaqius, and its head 
fits into the arch furraed by the first row. Upper 
surface, forms only part of the bead, and is rounded, 
smooth, articulatinjf with semilnnar, Zott'sr rather 
triangular, smooth, divided by two ridges from before 
backwards, the outer part being for the second, the 
middle and larjfer for the third, and the ianer and 
smallest for the fourth metacarpal bone. Dorsal 
rough, broad, projecting at its inner and lower angle. 
Palmar rough, with a prominent tubercle : this sur- 
face gives attachment to the Jlexor brevis pollids M. 
Outer smooth above, and continuous with tlie upper sur 
fiice, articulates with the socket of the scaphoid; below 
this is a rough and constricted neck ; and below this 
again is a small facet for the trapezoid, continuous 
with the lower surface. Inner presents a hollow 
articular surface above for the unciibrm, and a smaller 
flattened sur&ce below and behind for the same bone, 
but sometimes distinct from the upper facet. 

Determination. — Hold with the head upwards and 
narrow non-articular surface directly facing you ; the 
dorsal portion projects below towards the inner side 
— i.e., towards the side to which the hand li 




UNCIFORM.— Plate IV. and Fig. 15. 



£iiDwn by its hooked process. 

It is placed at the inner end of the second row, is 
wedge-shaped with its haae downwards, and its 
unciform process springs from the lower part of its 
front or palmar surface. Upper surjhee is the apex of 
the wedge and articulates with the semilunar, Lataer 
surface is the base, and is smooth for articulation 
with the fourth and fifth metacarpals, a slig'ht ridge 
dividing this turtace into two facets. Dorsal broad, 
irregularly triangular, non- articular. Palmar trian- 
gular, with unciform process standing forwards from 
its lower and inner part ; tlie process ia concave 
towards the middle of the hand and gives attach- 
ment to the anterior annular ligament, ^i^^cor brevis, 
and oppimem minimi diffili Ms. Outer ia smooth and 
articular above and behind, and a second fecet is 
ofien seen belowj sometimes continuous with the 
former, both being for the oa magnum. Inner extends 
from the apex to the lower surtace, and is articular and 
sinuous tor the cuneiform bone in all hut a narrow 
rough edge below, which separates the articular 
portion from the lower surface. 

Hetei'mination. — Hold with unciform process towards 
you, and springing from near the lower edge of the 
surface fiicing you, the broad part of the wedge being 
below, and apex of the wedge upwards ; the convex 
side of the unciform process will point towards the 
inner or ulnar side— i.e., to the side to which the hand 
belongs. 
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METACARPUS.— Plate IV. 

Synanyma : Q. Dia Mittelliand. Pr. Le metacarpe. 

Situation.- — The metacarpus is placed beti 
ist and fingers, and ta composed of five bunes 
lich are numed from their positions — that Ijelong- 
\ in^ to tlie thumb being called the fir§t ; that to the 
I little finger the fifth. It must be noticed that the 
) first is in realitj a phalaoK (page 02). 

Shape. — Each metacarpal bone is a long bone ; the 
bur inner are closely connected together, and form 
I by the manner in which their carpal ends are fitted 
I together a transverse arch, which is a continuation of 
I that of the carpus. The outer, or thumb's metacarpal, 
1 is a more separated and moveable bone than the others : 
[ when Been from the dorsum the bases of the meta- 
l> carpal bones together form an uneven line, the irregu- 
k larity of which is chiefly caused by the projection of 
idjoining angles of the 2nd and 3rd between the 
L trapezoid and os magnum. 

Otmmon characters. — Head, is placed towards the 

L fingers, rounded from before backwards, flattened 

. side to side for articulation with base of 

pbalans, broader in front than behind, so that lateral 

1 movement of the fingers cannot take place when they 

are flexed. On its sides are well-marked depressions 

for strong ligaments uniting adjacent bones ; behind 

and above each of these depressions is a tubercle for 

the lateral ligament of the joint. The head is formed 

from a separate point of ossification and in young 

jones can be readUy separated by violence. 

Shaft prismatic, slightly curved, so as to be con- 



cave towards the palm ; has tbree snrfaceB, one dorsal 
and two lateraJ. Doraal is flat, triangular, with base of 
triang'le running on to the head of the bone, covered by 
tendons of the extensoi' Ms. ; the apex of the triangle is 
continuouH with a median rid^e Beparating two de- 
preasions towards the base of the bone for the dorsal 
interossei Ms. Lateral slightly hollowed for interossei ; 
the anterior edge of the hone forms a rather prominent 
rounded ridg^, and a foramen for a nutrient artery 
pierces it, running towards the head except in the 
first bone. 

Base, or carpal end, is irregularly cuboid, Owing 
to or rather as a cause of the transverse arch of the 
metacarpus the bases of the inner four are broader 
on the dorsum than in the palm. Their basal surfaces 
are smooth for articulation with the carpal hones ; 
the lateral rough for ligaments over the greater part, 
but also faceted in places where they come in contact 
with adjacent hones; palmar and d&rsal surlaces are' 
rough for mnscles and ligaments. 

Special characters. 1st Metacarpal, — Broader and 
shorter than the others, more moveable, capable of 
being brought towards middle of palm, in appearance 
resembles an enlarged phalanx — a resemblance sup- 
ported by the fact that the foramen for the nutrient 
artery runs towards the base, and the base (not the 
head) is developed as a separate epiphysis. Head 
broader from side to side than from before backwards, 
has two small tubercles in front, over which move 
the seaamoid bones, two little bony masses in the 
Jiexor irevis pollicis. Shafi broad, flat with no trian- 
gular marking on the dorsum. Base has a saddle- 
shaped articnlar surface for the trapezium, the pro- 
jecting lip of the palmar edge being well marked 
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and situated rather nearer the inner or ulnar side ; the 
outer or radial part of the base projects as a tubercle 
for the extensor ossi metacarpi poUicis M. 

Determination, — Hold the bone with the palmar 
surface facing you : the tubercle on the base is on the 
outer side^ and is the safest guide, though, in a well- 
marked bone, the projecting lip will be inclined 
towards the idnar or inner side, and will point to 
the side to which the hand belongs. 

Slid Metacarpal. — The longest, known by its 
large base, with two nearly equal projections, making 
a zigzag outline as seen from behind. This and the 
three following bones answer the general description 
given for metacarpal bones, but the base has certain 
peculiar features. Base large, projects more towards 
the inner or little finger side. Dorsal surface rough for 
ligaments, and towards the outer side is a rough 
tubercle for the extensor carpi radialis Umgior : the edge 
of this surface shows the zigzag outline of the base. 
Palmar surface rough for flexor carpi radialis M. The 
articular surfaces at the base are four : — 1. Largest, at 
the extreme end of the base, rather four-sided, hollow 
from side to side for the trapezoid. 8. On the inner 
side of the base large and sometimes double for the 
third metacarpal. 3. Small on the outer side for the 
trapezium. 4. Smallest on the edge between 1 and 
2 for the os magnum. The bone is wedged in 
between three of the carpals. 

Detemdnatian, — Hold with the palmar surface &cing 
you^ the base upwards ; the more prominent angle at 
the base projects towards the third metacarpal, or 
towards the inner side — ix,, to the side to which the 
hand belongs ; the tubel*cle on the dorsum is on the 
thumb side. 
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3rd. Metaoarpal.— Known by the very projecting 
ang-le on the radial side of the base, and by its trian- 
gular basitl facet. On the dorsum is seen a tubercle 
upon the projecting angle for the insertion of the 
extmnor carpiradialii breeior. The lateral facet on the 
radial side is single or double for the second meta- 
carpal bone, and is continuous with the triangidur basal 
fecet for the ob magnum j the lateral facet on the ulnar 
side is either single or double for the fourthmetacarpaL 
This bone articulates with one carpal bone only. 

Bflerminatioa, — Hold with the palmar surface facing 
you, and t!ie base upwards ; the projecting angle of 
the base points towards the second metacarpal or to 
the outer side, and therefore away from the side to 
which the hand beloiig's. 

4th MetacarpaL — Known by its clubbed base, 
without special projections, and with lateral facets on 
each side, by which it muse be distini,'uwhed from the 
fifth. Its basal facet is double, one four-sided for the 
unciform bone, and continuous wijh the lateral 
fecet of tlie inner side for the fifth metacarpal, which 
also articulates with the unciform ; the other small 
facet is posterior and external, for the os magnum. 
The lateral facet on the radial side is double and quite 
distinct from the other facets. The bone articulates 
with two carpal bones. 

Betenninatioii. — Hold with the palmar surface facing' 
you, and the base upwards; the lateral facet which is 
continuous with that on the base is for the httle 
finger's metacarpal hone — i.e., points to the side to 
which the hand belongs. 

5th Metacarpal. — Known by its having only one 
lateral facet, and by its resemblance otherwise to the 
metacarpal bones. The inner or ulaar side of the 
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base has a projecting tuberosity for the extensor carpi 
ulnaris M.y and the front surface is rough for a slip 
from the Jlexor carpi ulnaris M, The basal facet is 
sinuous^ like the under surface of the unciform with 
which it articulates ; the lateral facet for the fourth 
metacarpal is continuous with the basal facet. The 
bone articulates with one carpal. 

Determination. — Hold with the palmar surface facing 
you, and the base upwards ; the tuberosity and rough 
non-articular surface will be on the inner side — i.e., 
will point to the side to which the hand belongs. 

Therefore rvejind that the inner or ulnar side oj the hose 
is known in the 

1st metacarpal by having no tubercle, and by the 
projecting point of the anterior margin being 
generally nearer to it. 
2nd metacarpal by having a large lateral facet, and 
by the more prominent angle of the base being 
on this side. 
3rd metacarpal by being less prominent than the 

outer. 
4th metacarpal by the lateral facet being continuous 

with the basal. 
6th metacarpal by having no lateral facet. 
Whereas the radial side is knonm in the case of' the 
1st metacarpal by a tubercle for the extensor ossis 

metacarpi pollicis M, 
2nd metacarpal by a tubercle for ihe extensor carpi 

radialis, 
3rd metacarpal by a tubercle for the extensor carpi 

radialis brevier. 
4th metacarpal by a lateral facet being double and 

not continuous with the basal. 
5th metacarpal by having a lateral facet. 

F 



PHALANGES. 

Tlie tliree small bones forming: each finger are 
called phalanges. The thumb ia usually said to have 
two only, but this error results from the first being 
called a metacarpal hone. 

A phalanx is a miniature long hone, aad consists 
of a base or metacarpal end, a shafi:, and a head or 
distal end. The iaxe presents an oval, concave, 
articular surfece, divided in the second and third rows 
by a median ridge which runs fi'om before backwards. 
The shaft is flat on its palmar surface, with well-marked 
edges for the attachment of the sheath (theca) of the 
flexor tendons, convex on its dorsal surfitce. The 
Jwad is smaller than the base, and presents a pulley- 
like articular surface, convex from before backwards, 
and extending more at the palmar than onfhe dorsal 
surface, so as to allow of greater freedom in flexing 
than in extending the flngers, grooved for the ridge 
on the base of the adjacent bone. The head of the 
ungual phalanx is non-articulur, rough, convex from 
side to side, flattened from before backwards. 

1st, or prosimal or metacarpal phalanx* has the 
basiil artii^uhir siirfiice smooth, oval, and concave. 

:Jiid, or middle phaJanx, has its basal articular 
facet divided longitudinally by a median ridge, and 
possesses an articular head. 

^rd, or distal, or ungual phalanx, has its head 
fiattfined, and no n- articular. Its palmar surface is 
rough for the pad of the finger-tip. Un its dorsal or 
smooth surface the nail lies. 

The fingers, or digits, are called in order from the 

* Synouyiii : G. Die Gnmilphalange. 
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radial side^ 1st, 2nd, &c., or thumb, index, middle, 
ring, and little fingers. Of these the thumb is the 
most moveable, the middle longest and most constant 
among vertebrate animals. In the horse, the three 
phalanges of the middle digit constitute the great 
pastern, little pastern, and cofiin-bone, while the hoo 
represents the nail. 

Development of the Bones of the Hand, — The carpus is 
cartilaginous at birth, but subsequently each carpal 
bone is ossified from a single nucleus. 

The outer four metacarpals are developed from 
two centres apiece — one for the shaft, and one for the 
distal end of the bone. 

The phalanges and so-called metacarpal of thumb 
are developed each from two centres— one for the shaft, 
and one for the base or proximal end of the bone. 

The carpal nuclei appear in the following order : 
OS magnum, 1st year ; unciform, 1st, or 2nd year ; 
cuneiform, 3rd year ; trapezium and semilunar, in 
6th year ; scaphoid, 8th year ; trapezoid, 8th or 9th 
year ; pisiform, 12th year. 

The metacarpal nuclei appear in the shafts, in 8th or 
9th week of foetal life ; the epiphyses from the 3rd to 
6th year, uniting about the 20th year. 

Those for the phalanges are a little later than 
those for the metacarpal bones. 

Mechanism of the Hand, — Can we wonder that an 
organ so useful, so active, so expressive as the hand, 
presents evidences of most perfect mechanical con- 
struction ? Taken as a whole, we have an organ 
which can express by its motions or positions either 
fear or confidence, pain or pleasure, caution, silence, 
scorn or anger. To express these and a thousand 

f2 
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other feelin^H, various mechanical contrivances are 
Ijroug'ht into work, and to examine these we may 
look at each part — carpus, metacarpus, and phalanges 
— Hrst, and then at their action tog;ether. 

With regard to the carpus, it has already been 
noticed that it consists of a number of bones closely 
Ijound together, ibrming a semi-solid mass of curious 
shape. In this mass we find three arches formed — 
one with its convesity towards the radius, one 
with its hollow towards the palm, and a third, 
which is double, between the two rows of which the 
carpus is composed. Remembering that each arch is 
constructed of bones capable of gliding slightly over 
Fig. .5. 




Diigrammatic Tiew of Carpus, shou-ing manner 
which force is difliisFd. ac. Scaphald. sL Semilui 
c. Cuneiform. Ir. Trapciium. td. Trapezoid, m. Os 
mignum. k. Uncilbrni. i, i, 3, 4, 5. Metacarpal 

one another, we see that the violence to which this 
]iart is constantly exposed is broken by a wonderful 
natural mechanism. Each bone is elastic, is coated 
n-itli elastic cartilage, and slides upon its neighbour 
as far as its surrounding ligaments will allow. But 
if we look further we shall have still further cause 
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Fig. 1 6. 



for wonder. Each separate bone, apparently so un- 
important, is definitely arranged so as to protect the 
wrist from injury by breaking or distributing the force 
applied, as it usually is, along the axis of the meta- 
carpal bones. It will be seen by the accompanying 
diagram (Fig. 16), from Mr. Ward's excellent Manual, 
that violence applied along any one of the metacarpal 
bones is distributed rapidly in the carpus. It will be 
seen moreover that the carpus may be divided into 
two lateral portions, corresponding to the arrangement 
followed in the tarsus. Now, in striking with the fist, 
the middle metacarpal carries the shock of the blow, 
and this is spread by the head of the os magnum sepa- 
rating the scaphoid and cunei- 
form, and tending to force itself 
into the palm, but becoming 
wedged in between its neigh- 
bours. But in most work in 
which the hand is employed 
pacifically, in pressing or strik- 
ing with a tool grasped, in 
falling on the palm, &c., force 
is transmitted through the 
outermost two metacarpals. 
In the diagram this force is 
seen to be distributed from the 
second by the oblique position 
of the scaphoid, but this dia- 
gram does not show, what is 
seen in a side view (Fig. 16) — 
that the scaphoid is obliquely placed both with regard 
to the trapezium and trapezoid, and that by this 
means force is again broken. 

In the unfixed state of the carpus, a good deal of 




Side view of thumb. 
Trapezium and Scaphoid. 
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movement of fleiion occurs between the upper and 
lower rows, the os ma^um acting; as the lever, and 
throwing forwards or backwards its lower extremity. 

It must be borne in mind that other advantages 
are gained by the curves of the carpus, that important 
structures are protected in the palm, that leverage is 
given for tendons, and prominences are afforded for 
the attachment of muscles. 

Looking at the metacarpus, its constituent bonea 
spread from the carpus, or more correctly, converge 
towards the carpus, where the middle ones are firmly 
fixed, only the first, fourth, and fifth allowing of 
much movement. Each hone is comparatively free 
at its distal end, the first being entirely so ; and each 
of the outer four bones is strengthened by a spine on 
its palmar aspect. As a result of the freedom of the 
distal ends, we find the hand capable of being spread 
out flat or arched, according to whetlier pressure is 
used or the hand is grasping an implement. 

The phaUaiffes are only capable of simple flexion 
and extension between themselves, extreme extension 
being checked by a strong anterior ligament. 

Now, if we regard the joints formed by these 
parts — carpus, metacarpus, and phalanges — with one 
another, Rud with the bones of the forearm, we see 
that in the wrist-jomt provision is made for all move- 
ments except rotation. The convex carpus lies in 
the larger and flatter radio -ulnar articulation, 
separated from the ulnar by the triangular ligament, 
and flexion, extension, abduction, and adduction are 
freely allowed. The upper articular surface of both 
rows of carpal bones being prolonged further on the 
dorsum, a large amount of extension occurs. The 
ulna being further removed from the carpus, adduc- 
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tion is especially provided for ; and here we notice, 
as in the elbow and in other joints, the greater facility 
for the limbs being brought towards the body which 
it has to minister to and protect. 

If we look at the bony skeleton alone, it would 
appear that this joint is poorly protected against dis- 
location, considering the violence to which it is con- 
stantly subjected; but as a fact, this joint is one of 
the least liable to dislocation. In the opinion of an 
eminent surgeon *4t is doubtful whether this ever 
occurs, except in the diseased wrist,"* and this is 
accounted for by the strong protection which is given 
by the numerous tendons surrounding the joint. 

At the carpo-metacarpal articulations it has already 
been noticed that the second and third metacarpal 
bones are almost fixed, but that the fourth and fifth 
allow of flexion so as to render the palm hollow, 
while the first, which it must be remembered is really 
a phalanx, allows of great freedom of movement both 
from before backwards, and from side to side, owing 
to the saddle-like surface at its base. *' To the 
diversified motion of this joint, the great mobility of 
the thumb, and its power of opposition to the fingers 
(an action characteristic of the hand) are, in great 
measure, to be ascribed." 

At the metacarpO'phalangeal articulations all kinds 
of movement, even including rotation to a slight 
degree, are allowed of, and hereby the great useful- 
ness of the fingers as prehensile organs is insured. 

In the mechanism then of the hand we have a 
subject worthy of our deepest admiration. By its 
means we labour, teach, feed ourselves, and can 

♦ Le Gros Clark, ** Outlines of Surgery," p. 95. 
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express thB various thoughts and emotions of the 
mind. It is equally adapted for using; force or 
working with tlie utmost delicacy ; and, far surpassing 
our feeble inventions, Nature here produces, as she 
always does, the most numerous and diversified 
results by the simplest possible means. 

Upper Extremity as a whole. — The mechanism of 
the several parts and joints has been discussed in con- 
nexion with each bone, but it may not be uninteresting; 
to look at the limb as a whole, and point out certain 




mechanical peculiarities which have not been hitherto 
observed. 

Remembering that the limb is connected with the 
trunk at the sterna -clavicular articulation alone, and 
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that at this joint considerable freedom of movement 
is allowed^ it will be seen that the mechanism of the 
limb in certain actions is peculiarly interesting. 
A great increase in extent of action is allowed of 

Fig. 1 8. 




Forward movement in rowing, showing tip of shoulder far 
in front of the line from mastoid process to hip. 

by an arrangement curiously parallel with that of 
the sliding seat now adopted in rowing — that of a 
shifting fulcrum. In all laborious work in which 
the upper limb is involved this is brought into 
operation. In pulling, for instance, upon a rope or 
an oar, the arms and shoulders are thrown forwards 
to the utmost, the weight of the body drags the 
object backward, then at the same time as the arms 
are bent the shoulders are thrown backwards, so as 
to bring the fulcrum as far backwards as possible. 
This is effected by means of the dorsal muscles 
(trapezius, rhomboideij and latissimtis) which can be 
seen standing out as firm fleshy mounds on the back 
of the athlete. 
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In pushing anything from close to the body the 
reverse takes place. The fulcrum is at first placed 
posteriorly, the shoulders being thrown back, then 

Fig. 19. 




Diagram to show sliding-seat action at the shoulders. In the 
forward position the arm is thrown forward so that the shoulder is 
about three to four inches in front of the spinal line S A t. In the 
backward position the same point is about one to two inches behind 
the same Une S' A' t', the whole movement occurring at the sterno- 
clavicular articulation. The sliding of the tuberosities of the ischia 
backwards in this movement is equal to about eight inches (t to t"). 
The dotted lines show the degree of forward or backward movement 
of the body which would be necessary to gain the same range of arm- 
movement, if the tuberosities were fixed and no sliding were used. 

the body being thrown forward the shoulders are 
brought forward and reach their utmost in this 
direction as the arms are stretched out to their limit. 

Similarly the shoulders are carried upwards or 
downwards as the arms are applied to pull up or 
down any weights. 

As the arms are carried from the side we have 



t 
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already noticed that the shoulder-joint is concerned 
only until the horizontal line is reached ; after this 
the upward movement involves the movement of the 
clavicle and scapula and the rotation of the humerus. 

The upper limb is however constructed to resist 
the effect of pressure or shock, as well as to serve for 
the purpose of leverage. For this end we find various 
contrivances which maj^ however^ be examined as 
curves, obliquities, and elastic media. These either give 
elasticity or break the force of concussion by diverting 
it or difiiising it. When a blow is struck with the 
fist out " from the shoulder," it requires very little ex- 
perience to tell that the force which is carried in the 
blow along the axis of the limb is considerable enough 
to endanger the safety of the limb if no provision 
were made for its protection. 

To this end every long bone is curved or doubly 
curved, each bone is strengthened by ribs or else by 
spiral ridges; each has in its interior a wonderful 
architecture of fibres interlacing in parabolic curves, 
whose sum total represents the perfection of strength 
with lightness. 

If these modifying influences be traced carefully 
they will be found to vary according to the position 
of the limb, but we may profitably examine them 
when the arm is placed away from the body at right 
angles to it, so as to include the longest possible 
chain of bones — in such a position as when in falling 
on the side the arm is stretched out to save one. 

If the hand be open much of the force of the fell 
will be broken by the obliquity of the metacarpal 
bones, and usually by the bending of the elbow, but 
if the knuckles receive the full weight and the arm 
be fully stretched out, then we notice the shock must 



he lessened first by curves of the metacarpal lones 
jrig_ „Q themselves, then hy the curious 

- oblique articulations already noticed 

I in the carpus, and by the spreodiug 

/ of the bones of the upper row 

I from the projecting; os magnum 

^ being forced into the hollow of the 

first row. From the curpua force 
is transmitted to the radius, which is 
curved and ribbed, but as it does not 
articulate with the humerus when the 
arm is stretched out, the violence of 
the shock of a blow is carried to the 
ulna by means of the ligaments ; and 
hence we see the necessity tor the 
fibres of the interosseous membrane 
being directed from the radius down- 
wards and inwards to the ulna. 
The ulna in its turn is curved and 
ribbed, and its upper end cup-shaped 
to fit against the humerus ; and here 
must be noticed the curious radiating 
|C internal structure of tlie ulna at tliis 

Jl\ extremity, whereby still greater 

„, , . strength, elasticity, and lightness are 

Diagnm showing . j * t.| u ■ j 1,1 

how force is bra- msured. Ihe humerus is doubly 
ken when applied curved and strengthened by a spiral 
oftheuppulimb. moulding; its internal structure is 
peculiarly adapted to withstand the 
* Anotliee curiona mechanical jurangemeDt here has been 
jxiinted out by Professor Humphry. The aarfacea of the ulna 
which uome in contact with the RaditiB are differently placed 
above and below ; that below oTerhangs the Radius, so that 
it receives part of tbt force tmnsmitted through the wrist. The 
articular surface above rather underhanga that of the Radius. 
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violence of blows along its axis ; and at the shoulder- 
joint the force would be greatly broken and diffused 
by the obliquity of the contact even in the position 
of the limb we have selected as that showing 
the most direct line from hand to sternum. In 
tracing the shock onwards we find it. much more 
broken by the manner in which the chain of bones 
continues; from the glenoid cavity the acromion 
stretches at the top of an arched flying buttress — the 
edge of the spine — and at an angle with this acromion 
is fixed the clavicle, fended sometimes by a washer, the 
inter-articular fibro-cartilage. All these obliquities 
must considerably break the force, already so much 
diminished, and then comes the elasticity of the 
clavicle itself, due to its double curve, a power 
sufficient to enable it to spring two feet from a wall 
when struck. The arrangement at the sterno- 
clavicular articulation and the ligamentous bands 
tying the clavicle down to the rib and sternum are 
peculiarly strong, and would assist in protecting the 
bone, though their special use is in preventing dis- 
placement upwards. Such then is a rough outline of 
the way in which Nature protects her creatures, and 
provides them with the means of using an amount of 
force through a limb, which does not react hurtfuUy 
upon the materials used or on the being using them. 




INNOMINATE BONE.— Plate 1 

Hyaonyraa : E. Hip-boiii!, 0. Daa Uilftbeiii, UngBnoDiite- 
buin. Fr. L'os co:<al, dea iles. L. Ob coxib, pelvia. 

Situatwn.—T-The inHominate bone is an irregularly 
shaped bone tormina part of tbe pelvis. It is placed 
between the Bacrum and the femur, 

Skape. — It resembles nothing in particular, and is 
therefore called innominate. 

Parts, — In tbe cbild it consists of three separate 
parts, the Ilium,* the Ischium,! and the Pubes,} 
which unite about the a^e of puberty, but indications of 
the separate portions often remain throughout life. The 
three join in the cup-shaped cavity, or acetabulum, 
seen about the middle of the outer surface of tbe 
bone. The Ilium is the flattened portion which 
supports the flanks (ilia) : the Ischium is the strong 
portion which occupies the buttocks (ischia) ; the 
Pnbes is the front portion and supports the external 
organs of generation, and takes its name from this 
part being covered with hair. A large hole (obturator 
or thyroid foramen) remains between the Ischium and 
Pubes. In the natural position the Ilium is upper- 
most, while the Ischium and Pubes spread from the 
acetabulum and unite again below the obturator 
foramen and form the lower edge of the bone, which 
is placed nearly boriKontally when tbe body is erect. 

It ia best to consider the bone as a whole and not 

* Synonyma : E. Haunch-bone. G. Daa Darmbein. Fr. 
union. 

+ SynoDyniB ; E. Seat-bone. G. Daa Sitzbein. Ft. L'UcMon. 

J Synonyms; E. Share-iioQe. ,-"■-■■ 
Fr. L'os pubien. 
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to examine each part separately^ since the distinction 
between them is not evident in the majority of bones. 

Examine four borders — upper, lower, anterior, and 
posterior, and two surfeces — inner or pelvic, and outer. 

Upper horder is the crest of the ilium, thick, 
convex from before backwards, doubly curved like an 
italic / when viewed from above, has two lips or 
edges for the attachment of abdominal muscles — the 
outer for external oblique and latissimm dorsi Ms., and 
for the fascia lunilforum, the inner for transversalis and 
quadratus Ms,, the intervening portion for the internal 
oUiqm and erector spina Ms, The crest ends in front 
in a thick angle, the anterior superior spine of the 
lilum, for a strong ligamentous structure {Pouparfs 
ligament), which runs to the angle of the Pubes, and 
for two muscles, the sartorius and tensor vagina fernoris. 
It ends behind in a still thicker angle, the posterior 
superior spine of the Ilium, for the attachment of 
the sciatic ligaments. 

Anterior border, extending from the anterior superior 
spine to the angle of the pubes. Immediately below 
the anterior superior spine is a notch, from which rises 
part of the sartorius M,, and through which passes the 
external cutaneous nerve. The projection below this is 
the anterior inferior spine for the origin of the 
rectiLs M. Next is seen a groove for the iliacus M. 
overlying the acetabulum. The border now becomes 
broad, and is occupied by an eminence, the pectineal 
eminence, from the front of which runs a ridge of 
bone joining the edge of the acetabulum with a rough 
tubercle upon the angle of the pubes, called the spine 
of the pubes, for the inner attachment of P&iiparfs 
ligament. This ridge forms the anterior limit to a 
triangular smooth surface (for the Pectineus M.), 
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and acts as a. buttress for the acetabulum. A rather 
roug;h ridg'e now runs backwards and inwards 
from the spine to the inner and back limit of the 
angle of the pubes, and is called the crest of the 
pubes ; it gives attachment to the rectus, jyyrami' 
dalis, internal oblique, and transversalis Ms. 

Lower border, from angle of Pubes to angle of 
Ischium, thick at each end, narrow in the middle, 
convex from before backwards. Towards the front 
end it is broad and rough for a strong fibro- cartilagi- 
nous structure, which unites the two pubic bones ; 
this union, or symphyBis pubis, is about an inch 
and a half in depth, and between its tno halves a 
small synovial space exists at the upper and back 
part. Below the symphysis the two pubic bones 
diverge and form an arch, the arch of the pubes, 
which ' is larger in females than in males. It gives 
attachment to the triatigular lignment, gramlis, and 
erector penis Ms., and the cms penis. About half- 
way along this lower border an indentation is 
often visible, which marks the original separation of 
pubes and ischium. The border now widens, and ends 
in the tuberosity of the ischium, which belongs, 
however, to the posterior border. 

Posterior border, from posterior superior spine of Ilium 
to Tuberosity of Ischium ; a very irregular ridge, with 
three notches. Immediately below posterior superior 
spine of Ilium is a small notch, separating it from the 
posterior inferior spine of Ilium; to all these parts 
are attached the upper ends of the ••notie liffameati,. 
Next comes a very deep notch, the great sciatic 
notch, converted into a foramen ntiturally by the 
t/reat and less^ sciatie ligaments, and giiing passage 
to Haa pyriforvtia M., gUiteal, sciatic, tcad. internal pudic 
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vessels and nerves^ and the nerve to the obturator intemus. 
The lower extremity of the notch is formed by a 
sharp projection^ the spine of the ischium, for the 
attachment of the lesser sciatic ligament (to the tip), 
the levator ani and coceygeus Ms. (to the inner surface), 
and the gemellus superior M, (to the outer surface). 
Below this again is the lesser sciatic notch con- 
verted into a foramen by the sciatic ligaments, and 
giving passage to the obturator intemus tendon, and to 
the pudic nerve and vessels, and the nerve to the 
obturator intemus, which are re-entering the pelvis 
by this means. The border ends in the tuberosity 
of the ischium, a broad rough surface upon which 
the weight of the body rests in sitting, covered, how- 
ever, by the thick pad of the gluteus maannms M., and 
protected by a bursa ; to its outer lip are attached 
the quadratus and adductor magnus Ms.; to its inner 
the gemellus inferwr and transversus perinai Ms., and 
the great sciatic ligament; and to the intervening 
rough surface the semi-membranosus, biceps, and semi- 
tendinosus Ms. of the back of the thigh. 

Inner surface divided into two by a well-marked 
ridge, the ilio-pectineal line, part of which has been 
already seen in the examination of the anterior border ; 
this line forms part of the brim of the pelvis and 
separates the upper and anterior portion (for the 
false pelvis) from the lower and back portion (for the 
true pelvis), while a triangular rough surface is left 
between the great sciatic notch and the crest of the 
ilium, which is in neither true nor false pelvis, but is 
for the saoro-iliao joint, or synchondrosis. The 
ilio-pectineal line runs from the front angle of this 
rough surface Ip the spine of the pubes. 

(a) Upper portion, or venter of ilium, is smooth, 

8 



82 INNOMINATE BONE. ^H 

slightly concaTe, and flattened for the support of the 
abdominal viscera, and for the origin of a muscle (the 
iliaewi), 

(b) Lomer poHum is altog;ether in the true pelvis, 
is smooth behind and above for the obturator inUnms 
M., is perforated by the obturator forameo, a large 
foramen which is cloaed in by a membrane, the 
obturator membrane, in the recent state, and is usually 
more triangular in the female than in the male 
(though this difference ia by no means constant). 
Above the foramen the surface is grooved for the 
obturator vessels and nerve which perforate the mem- 
brane ; the body of the pubes lies in front of the 
foramen, while the ramus of the pubes is that 
portion which lies below the foramen and joins the 
ramus of the iachitim.. On the pelvic surface of 
the ischium below the spine is a groove which is con- 
tinued into the lesser sciatic notch, and the inner lip 
of the tuberosity and ramus of the ischium is promi- 
nent for the great sciatic ligament and its process 
(the falciform}. 

(c) Sacro-ilviB portion is peculiarly rough behind 
for strong sacro-iliac ligaments, but in front shows a 
curious ear-shaped surface, auricular atirface, for 
contact with the sacrmn. 

Outer surjaee divided into two parts by the acetabu- 
lum ; the upper and back portion composed of ilium, 
and part of liie body of ischium, runs backwards and 
inwards, thu lower and front portion composed of 
pubes and ischium runs forwards and inwards. 

(a) Vpper and back portion sinuously convex, marked 
by three not always distinct lines called superior, 
middle, and inferior curved lines. The superior 
ourved line nms from the crest a short distance 
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above the posterior superior spine, and ends behind 
the middle of the great sciatic notch ; it marks the line 
of separation between the gluteus maximus behind, and 
medius in front. The middle curved line starts 
from a short distance above the anterior superior 
spine, and curves backwards to end about the middle 
of the great sciatic notch, generally close to the 
superior curved line; it marks the space between 
the gluteus medius M, behind, and minimus in 
front. 

The inferior curved line is generally indistinct ; 
when well marked it can be traced from the notch below 
the anterior superior spine curving backwards nearly 
parallel with the edge of the acetabulum, to end on the 
lower side of the great sciatic notch j it shows the limit 
of attachment of the gluteus minimus. Above the 
acetabulum is a curved groove running backwards 
from the anterior inferior spine for the reflected 
tendon of the reetus fenwris M. 

(b) Lower and front portion consists of the greater part 
of the pubes and ischium. Continuing from acetabulum 
downwards and forwards is the body of the pubes, 
to end at the symphysis. Notice here the smooth 
triangular surfece in front of the Pectineal line for 
the origin of the pectineus M, ; this overhangs a 
groove in the upper and front side of the obturator 
foramen for the passage of the obturator vessels and 
nerves into the thigh. From the symphysis the 
pubic bone passes outwards and backwards as the 
ramus of the pubes, below the obturator foramen 
to meet the ramus of the ischium, and a line 
sometimes marks their junction. These bones give 
attachment to the adductor Ms. and obturator extemns. 
Below and behind the acetabulum is a gi'oove sepa- 

oi? 
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rating it from the Tuberosity of the ischium ; it is for 
the tendon of the oUurator ext. M. The obturator 
foramen is the lftrg;e oval, or in females sometimes 
triangular, hole, bounded bjr pubes and ischium, 
occupied naturally by strong membrane, which is 
imperfect above, opposite to the groove in tbe body 
of the pubes, and which gives attachment to muscles 
on both surfaces. 

(c) Acetabulum is a cup-shajied cavity, imperfect 
below, occupied in the natural state by the head of 
the femur, deepened by a thick ligament (coti/loid liga- 
ment) tvhich is attached all round its projecting edge. 
It is formed by tbe junction of the three bones : the 
ilium occupying rather more than two-fifths, the 
ischium rather less than two-fifths, and the pubes 
the remaining fifth. Its marfj^n is incomplete below 
where the notch is left, through which pass vessels 
and nerves into the inside of the joint. The notch is 
nearly an inch in width, and is continuous with a 
shallow groove running to the bottom of the socket ; 
the edges of the notch give attachment to the liija- 
vientum teres, and the bottom of tbe groove is filled 
with a soft synovial pad. It seems, therefore, that a 
large pnrt of the acetabulum does not come in con- 
tact with the head of the femur, but it must be 
noticed that there is no position of the limb in which 
the Lend of the femur would naturally and exclusively 
press against the unprotected portion of the aceta- 
bulum. The bottom of the acetabulum is often so 
thin as to transmit light, and it is easy to understand 
how disease in the joint may estend through the thin 
bone into the pelvis. 

ArticKMiiins. — With three bones — viz,, the sacrum, 
by the sacro-iliac synchondrosis, the femm- by the ace- 
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tabulmn^ and the opposite innominate bone by the 
pubic symphysis. 

Development. — ^From six to eight centres. The six 
constant centres are found in (a) the ilium^ first seen 
in about the eighth week of foetal life ; (b), in ischium 
in the third month ; (e)y pubes in the fifth month ; 
(d)f as a Y-shaped piece along the line of junction of 
these parts in the acetabulum^ seen about the thir- 
teenth year; (e), along the crest of the ilium; (/), 
in the tuberosity of the ischium. The two latter 
appear about puberty, as do also the less constant 
centres in (^) symphysis pubis, and {h) anterior in- 
ferior spine. The acetabulum is all bony about the 
seventeenth year; the rami unite earlier, generally 
about the eighth year ; the epiphyses unite as usual 
about the twenty-fifth year. 

It sometimes happens that the opposite pubic 
bones do not unite at the symphysis, and this de- 
formity is generally, but not always, attended by a 
curious and troublesome defect, due to an imper- 
fect closure of the abdominal walls. The bladder 
may in such a case be "extroverted" or the genital 
organs fissured. The obturator foramen is sometimes 
incompletely formed by the non-union of the pubes 
and ischium below. 

Meehanism, — ^We have to look at this bone alone in 
this place, and afterwards we must consider it in con- 
nexion with the sacrum, in examining the pelvis. 
We notice here the thickened crest, not only useftil 
for the attachment of muscles, but also protective 
to the pelvis and its contents, exposed as this part is 
to pressure at times. Its peculiar curved outline 
forming an italic / has been already referred to, 
and indicates the combination of elasticity and 
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strengtli which are neceasary in a bone liable U 
pressure. 
Nest to be noticed is the strong^ prismatic thicken' 

Fig. »,. Fig. 22. 




r.«n. ..,— ,.™. .™— ^ Innominale bone,- 

•bowing plan of con- 
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ing which extends from the sacro-iliac synchondrosis 
to the top of tjie acetabulum^ continued forwards as 
the body of the pubes. This forms a curve which in 
the articulated pelvis is completed into a ring by the 
promontory of tie sacrum and the opposite innomi- 
nate bone ; and upon this ring, combining as it does 
elasticity with strength, the spinal column with the 
weight of the body is supported above, and con- 
cussions through the thigh-bones are transmitted to 
it below on the sides. It must be remembered that 
the innominate bone is placed obliquely^ and the 
pelvic ring also obliquely, so that force is further 
broken by this means — an important mechanical 
arrangement for the protection of the body and its 
delicate nervous centres from injury by concussion. 

Another architectural groining or thickened line of 
bone is to be noticed extending vertically from the 
anterior superior spine of the ilium to the tuberosity 
of the ischium. 

If a section be made through the bone along this line 
(Fig. 21), the structure indicates a provision for support 
along it, and it is in this line that force is applied 
while in the sitting posture. We see divergent 
ciirves starting from the opposite walls, and inter- 
lacing so as to produce by their junction gothic 
arches. The curves are definitely related to the 
great focus of pressure in the acetabulum, and start 
perpendicularly to its surface. 

If we examine a section now (Fig. 22) made along 
the thickened mass which forms the ring of the pelvis, 
a beautifril mechanical structure is seen. Here again 
are curves, still divergent and interlacing, still spring- 
ing in great part perpendicularly from the surface 
of the acetabulum, and still indicating the most 



exquisite proTision for Btrength, and elaatieitj with 

liglttUDSS. 

We maj" see by the accompanying diagram {Fig. S3) 
tlie manner in which this bone acta aa a lever of the 
first order. 

Means of disimffuuhinff riffhtjrom left. — Hold aa if in 
your own body, with the ilium upwards, the pubes 
pointing forwards, downwards, and inwards, and the 
concavity inwards ; the aceta- 
bulum will be on the outer side^ — 
i.e., will point to the side to 
which the hone belongs. 
Puints of importa/UK ; — 

1. Compounded of three hones, 
each entering into the formation 
of the acetabulum, 

2. Peculiar sacro-iliac surface. 

3. Composition, arrangement, 
and development of the aceta- 
bulum. 

4-. Oblifi«ity of the hone, 
6. Number and importance oi 
spinous processes. 

6. Tuberosity of the ischium, 
forming the sitting process and 
the end of the lever for the action 
of the hamstrings. 

7. The thyroid foramen and 
the sciatic notches, constiiicC-ed ho 

1 means for the yielding of 




by spine and pelvis 



as to give lightnei 
parts in childbirth. 

8. Mechanical structure and uses. 
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SUuatiim. — The femur ia the lione of the thigh, and 
f exteads irotn the pelvis above to ihe tibia bdow. 

Shape. — It is the larj^est bone of the body. It is a 
! with a globular head placed on & rather 
r long neck, which runs obliquely from the upper part 
[ of tJie shaft. The bone is enlarged below, where it 
1^ forms a broad massive base, the two lateral masseEi of 
•which, or condyles, are separated behind by n deep 
[notch. 

Part». — For the purpose of descriptdon we may 
divide the bone into — 1, an upper end, including tlie 
Head, Neck, and two Tiilteroaities ; 2, shaft ; 3, lower 
end, includinfi; the two condyles with their curious 
articulating surfeces. 

1. TTpper end. The bead is placed obliquely on 
lie neck; the neck runs to the two trocbunters, 
[ the great trochanter being the large mass above, the 
I §mall trochanter being the pyramidal mass situated 
I behind and below, snd joined to the former behind 
t by a weli-marked ridge, the inter-trochanteric line. 

Head is emooth, ^lobular, forma rather more than 
I a hemisphere, looks upwards, inwards, and a little 
forwards; its margin is sinuous, the curves showing 
the limits of rotation inwards and outwards, and of 
adduction. The smooth articular surface extends 
about equally in front and behind, but more above 
' than below. Rather beiow tbe centre is an irregular 
■depression for the femoral attachment of the Ui/a- 
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mentvm teres, which connects 
tabulum. 

ITeck, direated from the trochanters upwards, 
wards, and forwards, is flattened ftom before back- 
wards, constricted and cylindrical towards the head, 
while near the trociianiers it is mueh broader froai 
aboTe downwards than from before backwards ; 
longer below than above, and behind than in front ; 
limited by tJie inter- trochanteric line behind, and by a 
roug;h line in front (the spiral line), by the great Tro- 
chanter above, and by the lesser Trochanter below ; 
smooth behind, for the jilay of muscles, especially 
the obturator extarwu, the capsule of the joint inter- 
vening ; rough in front, marked by numerous fora- 
mina for vessels. Its posterior surface is overhung 
by the Great Trochanter, under which is a well- 
marked depression — the Trochanteric or Digital 
fossa — for tlie insertion of the obturator extenau M. 
Nearly the whole of the ne^k is enclosed in the 
Capsule of the hip-joint, which extends rather fiirther 
upon it in front than behind. From the position and 
shape of the neck this part of the femur is very liable 
to fracture, particularly in old people, where the 
bones are brittle and where the neck is more at right 
angles. Such a fracture is rare in tiie adult, owing 
to the mechanical arrangement of the cancellous 
tissue of the neck being more perfectly developed, 
and to the neck being placed advantageously for 
strength, and to the bones being more tenacious. In 
the old, union rarely takes place after fracture of 
the neck, since the parts are insufficiently supplied 
with blood ; in fact it is only where the fracture is 
impacted, as when the head and neck are driven tightly 
into the trochanter, that bony union is likely to follow. 
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Great Trochanter is the large four-sided mass 
which forms reallj the summit of the shaft. It 
projects above the neck, overhanging the Trochanteric 
fossa. It is broad in front, narrow behind, the upper 
border projecting backwards ; it is limited below by 
a horizontal line, the level of which is nearly halfway 
between the tip of the great trochanter and the lesser 
trochanter. It has three borders — upper, lower, and 
posterior; and three surfaces — anterior, outer, and 
inner. 

JJ'p^er' border, horizontal, projecting posteriorly over 
the neck; it is fisicetted for obturator intemus and 
piriformis Ms, Lower border marked by a horizontal 
line best seen towards the front, while posteriorly is a 
small, rough prominence, situated at the upper end of a 
vertical line on the shaft ; the horizontal line indicates 
the limit of attachment of Vastus extemus below and 
Gluteus medius and minimus Ms, above. Posterior 
border is sharp and is continued into the inter-trochan- 
teric line. 

Anterior surface somewhat triangular, its outer half 
being occupied by an oblong flat impression for the 
Gluteus mmimus M, ; along its inner edge is a tubercle 
which marks the beginning of the spiral line. Outer 
surface large, four-sided, marked by an oblique rough 
line (the oblique line) extending from the tip behind 
to lower angle in front ; this is for the Gluteus medius. 
Inner surface overliangs the neck and is deeply pitted 
by a fossa, the digital or trochanteric fossa for the 
obturaitor extemtis M, 

Lesser Trochanter pyramidal, projects behind and 
below neck on inner side, and receives at its extremity 
the insertion of the Psoas M, Its upper border is con- 
tinuous with the inter-trochanteric line; its lower 



border continues as the line leading to the linea 
aapera; posterior sKrJkec smooth and flat; anterior 
surface Bniooth and hollowed, coatiauous with that of 
the neck, is triangular and gives attachment to the 
niaeus M. The inter-trochanteric line is the pro- 
minent ridge uniting the two trochanters posteriorly. 
The linea quadrat! is a rough vertical line, not 
always well seen, running on the great trochanter 
and downwards from it as far as the level of the 
lesser trochanter ; it gives attachment to the qiuuiratw 
fevuiris. The line leading from great trochanter 
to linea aapera starts from tJie middle of the lower 
edge of that mass, and runs vertically downwards to 
join with a similar line from the lesser trochanter at 
a point about one-third down the shaft. The spiral 
line starts from the tuhercle, on the anterior aspect of 
the hone, runs downwards and inwards between the 
neck and shaft, passes about an inch to the inner side 
of the lesser trochanter and joins the linea aspera; 
it limits the upper attachment of the vastus intemus 
and crureus M. 

2. Shaft prismatic, apparently twisted inwards, 
curved in its length with convexity forward, giving 
attachment to a muscle (the omreas), on the front and 
outer surface; it presents three borders (posterior, 
outer and inner) and three surfaces (anterior, outer 
and inner). 

Posterior harder, a single rough ridge in the middle 
third of the hone and called the linea aspera. This 
line divides above into the two lines leading to the two 
trochanters and the spiral line ; it bifurcates below into 
the two lines leading to the two condyles, t!ie inner one 
of which ends in a tuhercle for tlie insertion of the 
tendon of the adductor longus M., and the smooth space 
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between the two lines is the popliteal surflEkoe of the 
femur. The linea aspera therefore occupies only the 
middle third of the bone^ it has two lips or edges^ 
the inner for the attachment of the vcuitts intemus and 
adductor longus Ms,, the outer for the vctstus extemus and 
short head of Ueeps Ms,, and the intermediate space 
for the adductor magnus M. About the middle is 
usually a large canal running upwards (thus differing 
from that in the homologous bone the humerus) for 
the nutrient artery. Inner border is smooth and 
rounded and extends from middle of spiral line to 
tubercle on inner condyle. Outer border ill defined 
extends from great trochanter to the front of the 
outer condyle. 

Anterior surface smooth, occupied by crureus and 
subcrureus Ms, Inner surface smooth, distinct abovQ, 
lost below where it runs into the popliteal surface. 
Outer surface also smooth, more distinct below where 
it forms the outer side of external condyle. 

3. Lower end. The shaft gradually widens below, 
and ends in two condyles, which are continuous in 
front, but separated by a deep notch behind. Of 
these lateral masses or condyles the inner is more 
massive and apparently extends lower than the outer, 
but the outer occupies a little more of the front of the 
bone. The smooth articular surface extends more 
over the outer condyle in front, but behind it involves 
both condyles about equally. 

Examine first the rough outer and inner non-articular 
surfaces on the outer condyle (compare Figs. 43 and 44); 
notice that the margin of the articulating surface 
forms a double curve, that rather above the centre of 
the posterior curve is a projecting point called the 
tuberosity, for the external lateral ligament of the 



M FEMKR. 

knee-joint, the roiig'h raised surfiice behind it being 
for the origin of one head of a large muscle belonging 
to the cali' (the Gastrocnevivis.) Below and behind 
the Tuberosity is a deep groove running upwards and 
backwards, the popliteal groove, occupied by the 
Tendon of the Popliteus M., which is fiied to the 
anterior rough end of the groove. 

On the intw condyle notice ngain the doubly curved 
outline of the articular surface, a rough tuberosity 
also situated nearly at the centre of the posterior 
curvature and also for the attachment of the lateral 
ligament of its side. Above this at the end of the 
line leading from the linea aspera to the inner condyle 
(inner eondyloid ridge) is the tubercle for the 
adduetor magwis M. ; this is sometimes much enlarged 
and forms a bony process which interferes with the 
gripping power of the knees ; it is therefore to be 
looked for in examining cavalry recruits. The upper 
part of the inner condyloid ridge is interrupted 
by a smooth space near the lines aspera, and it 
is here that the femoral artery lies in passing from 
the front of the thigh into the ham. Behind 
the Tuberosity is a raised flat surface for the inner 
head of the Oaslroonemias M. Articular surface large, 
important, horse shoe -shaped, separated by the inter- 
condyloid notch behind, occupying rather more of the 
outer condyle in front, convex from before backwards. 
Looking at the bone behind, the two condyles are 
seen to be covered by the smooth articular surface ; 
looking at the bone in front the articular surface 
covers the base of the shaft; looking at it in section 
the two portions are seen to have their proper curves ; 
and looking carefully at the base of the bone (Pig. 24), 
certain grooves can be seen separating these surfaces 




from one another; two grooves, (1, 1), one on each 
side, limiting the proper condyle surinceB in front ; a 
groove (3) separating the remainder of the inner con- 
dyle from the pulley-like surface (Trochlea) in front. 

Proper condyle sttrfacei 
parallel with one another "B- '4' 

extend equally behind, 
and to an equal distance 
on the two condyles in 
front — i.e. , to the level 
of the front limit of 
the notch. A groove 
separates the outer con- 
dyle surface from the 
trochlea, and another 
separates the inner from 
what may be termed the 
oblique portion of the 
inner condyle. Each 

jirop&' condyle surface is convex from side to side, but 
bevelled on the side towards the notch ; in some bones 
this is seen to be due to separate marginal facets. 
The antero-posterior curve of each surface is nearly a 
semicircle (Figs. 43 and 44, a), and they are of equal 
size, the common axis running through the centre of 
each tuberosity opposite the attachment of the two 
lateral ligaments. 

Trochlear or patellar surface is the anterior part, and 
extends higher up on the outer side ; it is limited 
behind by two slightly marked grooves, that on the 
inner side being rather tbe more anterior, and sepa- 
rating it from the oblique surface of the inner 
condyle. The Trochlea is deeply grooved from before 
backwards, and the groove (^Patellar groove) ends 



behind in the inter- condyloid notch ; the outer part 
of this trochlear surface is in nearly the same antero- 
posterior hne as the outer condyle ; the inner runs 
nearly straight forward from the front end of the 
"oblique surface." These points are important to 
notice in connexion with the mechanism of the joint. 

Oblique mtrface of the inner condyle is the ohliquely 
curved portion of the articular Buriace between the 
inner "patellar" and inner "proper condyle" surfaces ; 
towards the notch a portion ia marked off, forming a 
facet for the articulation of the patella in extreme 
flexion. 

Inter-eondyloid notch is deep ahove, and shows other 
depressions in it on the overhanging condyles ; that 
on the inner side of the external condyle is for the 
anterior cnieial, that against the inner condyle ie 
continued forward to the middle line, and is for the 
posterior crucial ligami-nt. 

"Why are these peculiar surfaces, facets, and curves 
found 1 The condyles are separated by a notch for 
the lodgment of strong crucial ligaments, the proper 
condyle surfaces with their semicircular curves are for 
simple a ntero -posterior movement, the oblique surface 
is for the rotation of the tibia in the last act of ex- 
tension, by which means our toes are naturally 
turned slightly outwards in the erect posture, and 
the trochlea is for the play of the patella. 

Artieuiations. — With three bones — Innominate 
above ; tibia and patella below. 

Developtnent. — From five centres, one for the shaft, 
which appears earlier than in any other long bone, 
except the clavicle, and usually in about the fifth to 
seventh week of fcetal life ; one for the lower end in 
the ninth montb of fcetal life ; one for the head about 
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one year after birth ; one for the great trochanter in 
the fourth year ; and one for the lesser trochanter at 
puberty. The upper epiphyses unite with the shaft 
about 18-20 years, and the lower a year or two later. 
Variations in Form due to Age, ^c. — The neck is 
short, and almost, absent in the foetus ; increasing to 
considerable length and obliquity in the adult; 
diminishing again to a right angle, and the head at 
length hardly projecting from the shaft in advanced 
age. It is more at right angles with the shaft in the 
female than in the male, and helps to produce the 
great width which distinguishes the female hips, a 
width due chiefly to the larger size of the pelvis. 
According to size, the neck of the femur is rather 
longer in the female than in the male. 
^Mechanism. — More has been written probably about 
the mechanism of this bone than of any other, but 
more still remains to be pointed out. We may notice 
in order : 1, the hip-joint ; 2, the obliquity of the neck ; 
3, obliquity of the shaft ; 4, obliquity of the lower 
surface ; 5, curves of the bone ; 6, internal structure, 
and leave the consideration of the lower surface until 
the tibia and patella have been examined. 

The hip-joint is a modified ball-and-socket joint, 
not so perfect, however, as the shoulder, since the 
movements are more limited, and the head of the 
femur has a ligament running, from the centre of it to 
the acetabulum. Goodsir describes the mechanism 
of the hip-joint, not as a ball-and-socket, but as a 
conical screw joint, the screw being worked up tight 
in extenaon, and unscrewed in flexion. We notice 
with regard to the acetabulum that the greater 
strength of the bone is situated above and behind in 
the direction of the greatest pressure, that the socket 

H 
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is deepened in the natural state by a fibro-carti- 
laginous rim, that its contact surface is diminished 
owing" to the presence of a shallow fossa in which fat 
and a synovial pad lie, that the edge is broken by a 
notch through which vessels enter the joint, and that 
at the bottom of the fossa the bone is so thin that it 
is readily perforated; in disease of the hip-joint, this 




Posterior view of head of femur, showing outline 
of articular surface. 

plate is sometimes eaten through, and as a conse- 
quence suppuration may extend from it into the 
pelvis and even into the bowel. 

With regard to the femur we notice the globular 
head is articulated somewhat obliquely to the aceta- 
bulum, and if we look carefully we can notice, what 
has hitherto escaped the observation of anatomists — 
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that the outline of the articular surface is not 
uniform, but arranged in three curved lines (Figs. 

Fig. 26. 




Anterior view of head of femur, showing outline 
of articular surface. 

25, 26, 27). One of these is placed below and the 
other two in front and behind, meeting at the upper- 




Under view of head of femur, showing outline 
of articular sur^ce. 

h2 
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most limit. They indicate the limits of adduction, 
inversion and eversion ; when the limb is adducted^ 
the line (a) corresponds with the edge of the aceta- 
bulum ; when inverted, the line {i) ; and when everted 
the line (e) lies along the edge of the socket. 

We next notice the large projections or trochanters 
which stand off at a distance from the joint and afford 
such powerful leverage for the muscles which are to 
rotate the thigh. 

(2) Before examining the movements at the joint 
more carefully, we may observe the obliquity and 
length of the neck. This varies, as has been already 
stated, according to age and sex, and even in different 
individuals. In an ordinary adult bone the axis of 
the neck is placed at an angle of about 130° with that of 
the shaft, and about at an angle of 115° to the vertical 
line of the body, the shaft being about 16° from the 
perpendicular ; but it must not be supposed that we 
have here an angular bone with neck and shaft 

arranged as coarsely as is 
seen in the axle and spokes 
of a cart-wheel (Fig. 28). 
On the contrary, we see that 
the inner edge of shaft and 
neck together form a distinct 
curve which supports the 
pressure of the acetabulum 
far more securely than 
any such rough mechanical 
contrivance, and yet at the 
same time provides for them all the advantages in 
movement which an angular bend would secure to 
a lever whose one end was fitted into a socket. This 
curve has been generally overlooked in the greater 



Fig. 28. 




Diagram of arrangement of 
axle in a cart. 
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attention which authors have given to the obliquity of 
the neck. When the body is equally supported on the 
two thigh bones, the weight is borne by the upper half 
of the head and carried through a number of curved 
bony fibres to the curve formed by the inner edge of 
the shaft and neck (Fig. 30). When the body is 
supported on one leg the femur is thrown over more 
obliquely, and now those fibres which spring from 
nearer the middle of the head carry the weight. 

(3) The obliquity of the shaft must also be now 
noticed^ as its main object is to bring the lower sup- 
porting surface towards the middle line of the 
body. It varies according to the distance to which 
the trochanters have been thrown away from the 
pelvis, and according to the width of the pelvis 
itself, and is not a simple obliquity but is curved for 
greater strength and elasticity. 

The movements at the hip-joint are of all kinds — 
flexion, extension, adduction, abduction, inversion or 
internal rotation, eversion or external rotation, and 
circumduction. Of these, that of flexion is the most 
extensive and important. Now this is efiected by the 
elongation of the neck thrown out to meet the shaft 
at an angle. By this means the angular motion of 
the shaft is converted into a rotatory movement at 
the hip-joint, and thereby the extent of bearing 
surface in the joint is equalized in the diflerent 
degrees of flexion, the same amount being in contact 
when the body is bent forward as when the body is 
erect. For, as is seen in the accompanying diagram, 
taken from Mr. Ward's excellent work, the angular 
motion of a ball-and-socket joint (Fig. 29, a) " throws 
part of the ball out of the socket, and leaves part of 
the socket without bearing to rest upon, so that the 
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weight instead of being distributed equally over the 
nhole surface ot the head, is concentrated upon that 
portion which reuiams within 
'^ B ^9 the cavity ' Such would be 

the case it the temur w ere oon- 
atruct«d so as to meet the 
acetabulum perpendicularly. 
In the case of flexion to a 
riffht angle one-half the bear- 
ing surface would be lost 
(Fig. ii9, b). By the obliquity 
of the neck this evil is con- 
siderably diminished, since the 
act of flesion of the limb is per- 
formed by rotation of the head 
(%.29,c). 
A, The extent of flexion is con- 
'^f sequently increased : so far as 
lie the bones are concerned it is 
"" unlimited, but actually fleiion 
is limited by contact of the 
thigh with the abdomen, extension by a strong anterior 
ligament (dio- femoral). Still tlie arc through which it 
can pass is about 145°, whereas if the acetabulum were 
directed vertically, it would be reduced to 45° or 50°. 
By the length of the neck we also gain another ad- 
vantage — the insertion of the great rotator miiscles is 
removed to a distance from the joint and thereby their 
power of leverage is increased ; moreover, as has been 
referred to already, the obliquity of the neck being 
really a curve increases the longitudinal elasticity of 
the bone. 

(4) The obliquity of the lower surface is only 
apparent, not real, for this surface should lie horizon- 
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tally. The peculiarity of this surface has been 
described, but the mechanism of it will be noticed 
after examining- the other bones which enter into the • 
formation of the knee-joint. The length of the inner 
condyle will vary with the obliquity of the femur, the 
object being to bring together the Tibiae so that 
oscillation of the body need not occur in walking. 
Notice the unsightly waddling of a very bandy- 
legged man, and the effect of a failure in the develop- 
ment of the condyles is evident. Usually in such 
cases the inner condyle is disproportionately small. 
When the outer condyle is not developed "knock- 
knees" result, and the ankles are widely sepa- 
rated. 

(5) ^The curves of the bn^^ '^^^ nf ^ant \mj}^T^Sino(>. 

mechanically. They arejeeQ to be («) an aatero- 
posterior one with the convexity forwardsj, pccupying 
thJajSEflElEfiCyti of the bone — this is often greatly 
iiifirpf^ggfj, ij\ rinlfPfg where the bones ^e soft ; behind 
it is the thick ridge or buttress (linea aspera), the 
densest part of the whole bone, and this is greatly 
increased in strength and size when, after the bending 
of the bones in rickets, nature attempts successfully 
to remedy the evil ; (p) the up per part of the, shaft is 
bo wed slightly in the opp osite direction : (/?). a .lateral 
ca urve with its poncavity inw ards formed by Jhe inner 

. ed ge of neck and .ahafWthift is sometimefi.>supple- 
mented by {d) an op posite .curve towards thejower 
end seen on the outer side ; {e) the cylindrical^ form 
i)f theHSone.^ TEe Iback of the neck is hollowed out 
(Fig. 27)7and this concavity is of importance in con- 
nexion with fracture of this part. The longitudinal 
curves prevent absolute rigidi ty^ pjcpvide great elas- 

' ticity, and distribute t^ie force of concussion and 
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snperincumbent weight to which thi s bon e is bo 

. especi^ly. expose (i^ 

(6) If we examine the internal structure of the 
hone we shall find another example of beautilul 
mechanical contriyance in nature. As indicated in 
Fig. 30, the cancellous tissue is very definitely 



Fig- 30. 




arranged in divergent curves upon the same prin- 
ciple as we have seen in other bones. Certain of 
these curves can be noticed. One set springs from 
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the inner wall, spreading into the great trochanter ; 

another set crosBca this, interlaces with it, producing 

a series of gothic arches, and is continued on Into the 

neck and head ; a third set, which is a continuation 

of the first set, springs from the thick lower wall of 

the neck, spreads into the upper part of the head 

especially, and ends perpendicularly in the articular 

anr&ce in the chief part of its 

extent, hut essentially along the 

lines of greatest pressure in the 

upper or weight-hearing part of 

the head. The sum of this 

arrangement has been roughly 

and imperfectly hkened to a 

hracket supporting a weight 

(Fig. 31), but the arrangement 

in Uie femur is much more won- 

derfid and efifective. 

If a section he made of the 
lower end (Fig. 32) we see the 
bony fibres arranged with dis- 
tinctness and again in curves, 
two vertical sets running more or 
less perpendicularly to the ar- 
ticular surface, one in each 
lateral half, and another set hori- 
zontally. 

Mode ofdUti^uiMng riffhtjrom 
l^t. — Hold in the position 
would occupy in your own hody, 
with the head pointing upwards, 
inwards, and forwards, ^e tro- 
chanter major outwards, and the convex surface of 
the shaft forwards ; the great trochanter and smaller 




Dingrini ihowing plan 
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condyle will be on the outer side — Le., will point to 
the side to which the bone belongs. 
Points of importance : — 

1. Obliquely placed head, neck, and shaft. 

2. Great and small trochanters, with ridge joining 
them behind. 

3. The linea aspera and the lines leading from it. 

4. The popliteal surface so troublesome in necrosis. 

5. Large condyles, with special grooves and 
prominences. 

6. Peculiar articular surfaces. 

7. Difference according to age and sex. 

8. Mechanism and structure* 
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TIBIA.— Plate VII. 

Synonyms : B, Shin-bone. 0, Das Schienbein. Fr. Le tibia. 
L. Focile majas, canna major. 

Situation. — Extendingbetween the femur and tarsus, 
and forming the main bone of the leg^ it is supported 
on the outer side by the splint-bone, or Fibula. 

Shape. — ^A long bone, prismatic in form, considerably 
enlarged above, as the head, to support the condyles 
of the femur. Its shaft is apparently twisted, and has 
a sharp anterior edge and a smooth inner surface, 
which is merely covered by skin, and forms the shin ; 
its lower end is enlarged for articulation with the 
astragalus, and its inner angle project downwards, as 
the inner malleolus or ankle. 

Farts. — For purposes of description it is divided 
into — (1) Upper extremity or head, presenting two 
lateral masses or tuberosities. (2) A shaft. (3) 
Lower extremity, with projecting internal malleolus. 

1. Upper extremity large, pyramidal, with base 
above, broader from side to side than from before 
backwards, consisting of two lateral masses or tubero- 
sities, which are continuous in front, but separated 
above by a prominent tubercle, the spine, and behind 
by a notch, the popliteal notch. The inner tuberosity 
is rather larger than the outer. 

Examine its surfaces, upper, two lateral, anterior 
and posterior. 

Upper surface horizontal, presenting two slightly 
concave articular surfaces, the outer being somewhat 
circular, the inner more ovalj each is bevelled 
towards the edge, where it is covered in the natural 



state by the Bemilunar cartilci^e, while the femur 
comes into actual contact oaly with the central part of 
each ; they are separated behind by the popliteal 
Qotoh, in which is attached the posterior or infernal 
crucial ligament ; separated in the middle by a pyra- 
midal procesE, the spinous process, which has two 
projecting ed^s for the ends of the semilunar carti- 
lages; separated in front by a rough non- articular 
surface, on which lies & synovial pad {infra-piUellar) 
and a transverse ligament, uniting the two semUunar 
cartUogeB. 

Lateral stirjhees rough and vertical above, forming 
a thick rim, smooth below and continuous with the 
shaft. The outer tuberosity presents a small articular 
fecet behind and below for the Fibula; the inner 
tuberosity has a well marked horizontal groove on its 
upper or vertical part, and this groove for the semi- 
mita^aHoms teaion is beat seen behind. The extreme 
upper edge of each tuberosity is sharp, and gives 
attachment to the coronary ligament which binds 
down the Semilunar cartilages to the Tibia. Over 
the inner side the internal lateral ligament of the 
knee-joint is spread. 

Anterior surfaee rough, triangular, with base above 
and apex below, where a prominent tubercle is seen ; 
into this tubercle the tendon of the quadriceps ex- 
tensor M. {lijjamentum. patella) is inserted, and a bursa 
exists between the tendon of the upper part of the 
tubercle where the hone is smooth. 

Posterior surface includes the back of each condyle, 
and presents the popliteal notch already referred to, a 
flattened rim, and a triangular smooth space below 
(the popliteal surJace of the Tibia). Notice the groove 
on the back of the inner tuberosity, the articular feeet 





TIBIA. 109 

for the fibula on the back of the outer tuberosity, and 

above this a small oblique groove 

for the tendon of the popliteus. ^*^* ^^' 

2. Shaft prismatic, with sharp 
edge pointing forwards/ and 
smooth, flat, or slightly convex 

surface inwards, thinnest at the ^y 

junction of the middle and lower Z^ I ^ 

thirds (where fracture commonly ^^ 

occurs), curved with concavity ^ 
towards the fibula (and this curve 

is greatly increased when the o^- — 

fibula is defective), apparently (j^m^ /«-" 

twisted inwards below. ^^> 

It presents three borders — an- 
terior, posterior, and outer ; and 
three surfaces — inner, outer, and 

posterior (Fig. 33, t). \y^ J^ 

Anterior border extends from Section of tibia and 

tubercle to the front of inner I'l^a^, jnairrtM^d! 

malleolus, is very sharp in the T. Tibia. F. Fibula, 

middle, and runs inwards below ; '^*^'^^ .'"'^^^^ . ^l"" 

/ 1 J 1 1 p shown m the hon- 

to it IS attached the deep fascia zontai section of the 

of the leg. Posterior border from ?^"» W anterior, (i) 

below inner tuberosity to behind Ihouid ^e ^wdTtheir 

inner malleolus, rounded, not changes as the section is 

J. ... ^ . -L J r_ iVj. made on the different 

distmct. Outer border from front levds. i„ the fibula, 

of facet for fibula on outer tU- (a) anterior, (o) outer, 

berosity to a hollow articular facet ^'\ ^'^'r ""^ P"^*^'' 

•^ (/>/; posterior and inner, 

for the fibula on the outer side of (f) posterior (com- 

the base, is sharp in the middle ^»"*=**) ^^^ 'J'^"!^ 

,, . J 1 .«^ ^ , , also be compared on 

tWO-tnirdS, blturcates below, the different levels. 

gives attachment to the inter- 
osseous membrane: notice that the line of this border 





108 TIBIA. 

state by the seniilunar cartUage, while the femur 
comes into actual contact only with the central part of 
each ; they are separated behind by the popliteal 
notch, in which is attached the posterior or internal 
cmeial ligament ; separated in the middle by a pyra- 
midal process, the apiaoTis process, which has two 
projecting edges for the ends of the semilunar carti- 
lagea; separated in front by a roug;h n n a ti ula 
sur&ce, on which lies a synovial pad (uj a p ) 

and a tramverae ligavteni, uniting the two milnnar 
cartilages. 

Lateral surfaces rough and vertical ah f mung 
a thick rim, sm.ooth below and continu u ■« h he 
shaft. The outer tuberosity presents a small articular 
facet behind and below for the Fibula; the inner 
tuberosity has a well marked horizontal groove on ita 
upper or vertical part, and this groove for the semi- 
m^nbranoms tendon is best seen behind. The extreme 
upper edge of each tuberosity is sharp, and gives 
attachment to the coronary ligament which binds 
down the Semilunar cartilages to the Tibia. Over 
the inner side tlie internal lateral ligament of the 
knee-joint is spread. 

Antcriof surface rough, triangular, with base above 
and apex below, where a prominent tubercle is seen ; 
into this tubercle the teadon of the quadriceps ex- 
tensor M. {Utjarnentian. pattllm) is inserted, and a bursa 
exists between the tendon of the upper part of the 
tubercle where the bone is smooth. 

Posterior surface includes the back of each condyle, 
and presents the popliteal notch already referred to, a 
flattened rim, and a triangular smooth space below 
(the popliteal surfece of the Tibia). Notice the groove 
on the back of the inner tuberosity, the articular facet 
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for the fibula on the back of the outer tuberosity, and 

above this a small oblique groove 

for the tendon of the popliteus. ^*^' ^^' 

2. Shaft prismatic, with sharp 
edge pointing forwards,* and 
smooth, flat, or slightly convex 
surface inwards, thinnest at the 
junction of the middle and lower 
thirds (where fracture commonly 
occurs), curved with concavity 
towards the fibula (and this curve 
is greatly increased when the 
fibula is defective), apparently 
twisted inwards below. 

It presents three borders — an- 
terior, posterior, and outer ; and 
three surfaces — inner, outer, and 
posterior (Fig. 33, t). 

Anterior border extends from Section of tibia and 

tubercle to the front of inner S^iSdMndT^^rlSwd: 
malleolus, is very sharp in the T. Tibia. F. Fibula, 
middle, and runs inwards below : ^^'^ .''"'^"^ ^ ^\^ 

/ 1111 a shown in the hon- 

to it IS attached the deep fascia zontai section of the 
of the leg. Posterior border from ?^*^^» M anterior, (/) 

11 • .1 J. J. x. x.' J inner, (/>) posterior, and 

below mner tuberosity to behind should be traced in their 
inner malleolus, rounded, not changes as the section is 

J. ... ^ . -L 4 r j^ J. made on the different 

distmct. Outer border from front levds. in the fibula, 

of facet for fibula on outer tu- (a) anterior, (o) outer, 

berosity to a hollow articular facet ^'\ ^'^f}''' ""^ P"'"' 

•/ [pt) posterior and inner, 

for the fibula on the outer side of (/>) posterior (com- 
the base, is sharp in the middle ^j"^^) '^^^^^ «i?°"^^ 

^, . J ..j,^ ^ , , also be compared on 

tWO-tnirdS, bliurcates below, the different levels. 

gives attachment to the inter- 
osseous membrane: notice that the line of this border 
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(interosseous tine) is the most anterior and prominent 
of the lines on the outer side of the tihia. 

Inner siiiface smooth, subcutaneous, forms the 
shin : there is sometimes a rnugh oblique line 
running' from near the tuTjercle downwards and back- 
wards, for the insertion of muscles (sartoHus, graeilis, 
and sEmitendinnsKs). Outer surface grooved in its upper 
two-thirds for the tibialis antieus M., smootii below and 
coming forwards and covered by the tendons of the 
tibialis antieus and ariennors of the toes. Posterior surface 
rather convex from side to side, marked above by an 
oblique, or popliteal, or Boleal line, which runs from 
the fibular facet downwards and inwards to near the 
middle of the bone, and gives attachment to the saleus 
M. ; near the middle of this line is generally a large 
foramen for the nutrient artery, which runs down- 
wards ; the surface below this is divided by a vertical 
line which runs from the middle of the oblique line to 
join the outer border, at the junction of the middle and 
lower thirds; this line separates the^eaior lovffuidiffi- 
tonim behind, from the tibialis posttmui in front. 

3. Lower extremity thick, four-sided, gradnally 
enlarging as it is traced towards its free surface, dis- 
tinguished by its projecting inner angle or malleolus. 

Examine four Bides and the base. 

Anterior surfaee smooth, with horizontal groove 
near the lower edge, for the anterior tarsal li^ameHt. 
Inner sarfaee smooth, continued on to the projecting 
internal maUeoloa which is subcntaneous. Posterior 
surface deeply grooved behind the malleolus for a 
tendon {tihialin posticus), slightly grooved ia a vertical 
direction near the outer or fibular margin by another 
tendon (_fe.vor loai/vspoUJcis), and grooved horizontally 
near the free edge for the jwsterior tarsal ligaments. 
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Outer mrfaee triangular, rough above for strong 
ligamentous fibres connecting tibia with fibula. 
Sometimes smooth below for articulation with fibula. 

Bcbse or lower surface chiefly smooth and articular 
for contact with the astragalus, but the apex of the 
malleolus is depressed and rough for the internal 
lateral ligament: the articular surface consists of a 
horizontal portion and a vertical, the latter lining the 
malleolus ; the horizontal is four-sided, broader in 
front than behind, concave from before backwards, 
but marked by a median ridge which makes the sur- 
face slightly convex from side to side; this ridge 
corresponds with a groove on the upper surface of 
the astragalus ; the vertical portion on the malleolus 
is triangular, small, and articulates with the inner side 
of the astragalus. 

Articulatiom. — With three bones — femur above, 
astragalus below, and fibula both above and below. 

Development, — Usually from three centres — one for 
the shaft, appearing in the sixth or seventh week ; one 
for the head, appearing at birth ; one for the lower 
end, in the second year. In this bone, as in other long 
bones, the lower epiphysis, though last to appear, is 
the first to unite with the shaft (about the eighteenth 
year), the upper joining about the twentieth or the 
twenty-second year. Occasionally there are separate 
epiphyses in the tubercle, and in the inner malleolus. 

MecJumism, — We observe with regard to the tibia, 
that it has to support the weight of the body entirely, 
and hence is constructed mainly for strength. We 
notice that each end is pyramidal, the upper pyramid 
being inverted. Each of these is porous, while the 
intervening column is composed of a dense hard shell, 
and is prismatic in shape. The bone is curved for 
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greater elasticity, and is moulded in a spirnl form, 
which also adds to its power of resistance. Tlie curve 
is seen at the junction of the middle and lower thirds, 
and it is here that the hone bends in rickets, and 
when the tie-rod or fibula is deficient, it is here that 
the tihia gives way. Diseases also, such as nodes and 
necrosis, more often attack this than any otlier part of 
the bone 

The enlar^d ends serve a definite purpose — that 
of affording' hroad surfaces of contact for the femur 
and tarsus 




latemtil Struetwe. — Fig, 34 represents a vertical 
section from side to side through the head of the 
bone, ami is drawn diag^'ammaticoliy. The ]>rin- 
ciple of construction appears to be^ — 1, a set of 
nearly vertical fibres in each lateral mass curving 
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slightly with their concavities towards the middle 
line; 2, a. set of fibres crossing these nearly at right 
angles, being parallel with the articular surfaces and 
arranged near them; 3, a set springing from the 
shaft on each side, and ending upon the rising sides 
of the spine ; these by their interlacement form well- 
marked arches, which are continued for some distance 
down the shaft. 

A different arrangement is seen when the section 

is carried from before backwards in the middle line 

(Fig, 35). The arches spring from opposite sides as 

a series of increasingly divergent curves, of which 

Fig. 36. Fig. 3;. 





Section Tibia, tovt 



those passing from the front are, on the whole, the 
best marked, and end behind the spine. Of the other 
fibres springing from the posterior wall, those are 
best marked which run upwards to support the 
pressure of the femur. 

Looking now at the lower end (Fig. 36) we find 
the arrangement nearly the same in whatever direc- 
tion the section be made. The fibrous columns are 



state by the semilunar cartilag;e, while the femur 
comes into actual contact only with the central part of 
each; they are eeparnted behind hy the popliteal 
notch, in which is attaclied the posterior or internal 
erveial liffameat ; separated in the middle by a pyra- 
midiil process, the spinous prooess, which has two 
projecting edg^es for the ends of the semilunar carti- 
lages ; separated in front by a rough non-articular 
suriace, on which lies a synovial pad iinfra-pnteliar) 
and a transverse lig&faent, uniting the two semilunar 
cartilages. 

Lateral surfaeea rough and vertical above, formings 
a thict rim, smooth below and continuous with the 
shaft. The outer tuberosity presents a small articular 
facet behind and below for the Fibula; the inner 
tuberosity has a well marked horizontal groove on its 
upper or vertical part, and this groove for the semi- 
membrmiomiatenAoa is best seen behind. The extreme 
upper edge of each tuberosity is sharp, and gives 
attachment to the coronary ligament which binds 
down the Semilunar cartilages to the Tibia. Over 
the inner side the internal lateral ligament of the 
knee-joint is spread. 

Anterior surface rough, triangular, with base above 
and apex below, where a prominent tubercle is seen; 
into this tubercle the tendon of the quadriceps ex- 
tensor M. {ligamentum patella)) is inserted, and a bursa 
exists between the tendon of the upper part of the 
tubercle where the bone is smooth. 

Posterior sKrfaee includes the back of each condyle, 
and presents the popliteal notch already referred to, a 
flattened rim, and a triangular smooth space below 
(the popliteal suriace of the Tibia). Notice the groove 
on the back of the inner tuberosity, the articular fecet 
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Fig. 33. 




for the fibula on the back of the outer tuberosity, and 
above this a small oblique groove 
for the tendon of the popliteus. 

2. Shaft prismatic, with sharp 
edge pointing forwards,' and 
smooth, flat, or slightly convex 
surface inwards, thinnest at the 
junction of the middle and lower 
thirds (where fracture commonly 
occurs), curved with concavity 
towards the fibula (and this curve 
is greatly increased when the oyy- 
fibula is defective), apparently \F\ji 
twisted inwards below. jto 

It presents three borders — an- 
terior, posterior, and outer ; and 
three surfaces — inner, outer, and 
posterior (Fig. 33, t). 

Anterior harder extends from 

tubercle to the front of inner ^"iSltdTo^rtMl' 
malleolus, is very sharp in the T. Tibia. F. Fibula. 
middle, and runs inwards below : '^^'""'^ ^^'^^^ ^ ^\^ 

: 1111 /. shown in the hori- 

to it IS attached the deep fascia zontai section of the 
of the leg. Posterior border from ?^^*» (^) anterior, (/) 

11 . .1 -x X 1 I.- J inner, (/>) posterior, and 

below mner tuberosity to behind should be traced in their 

inner malleolus, rounded, not changes as the section is 
J..'. ^ . it"/' ivx made on the different 

distinct. Outer border from front levels, in the fibula, 

of facet for fibula on outer tu- (a) anterior, (o) outer, 

berosity to a hollow articular facet ^jl P^'J"!^^ "^^ P"'*^'' 

•^ (^ /; posterior and inner, 

for the fibula on the outer side of {f) posterior (com- 
the base, is sharp in the middle ^*"*^^> '^^^^ ''^'^"^^ 

^, . J 1 .p X 1 1 a^® ^^ compared on 

tWO-tnirdS, bliurcates below, the different levels. 

gives attachment to the inter- 
osseous m&mbrane: notice that the line of this border 




Section of tibia and 
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ligament, and the Biceps tendon is attached in front of 
and behind the ligament. 

2. Shaft long, irregular in shape, bent outwards 
towards its lower end, and apparently twisted out- 
wards, one surface more deeply grooved (outer) than 
the other, another surface (anterior) being in many 
bones a mere line above the middle of the bone. It 
is however necessary to distinguish the separate sur- 
faces carefully, as they indicate the attachment of 
different sets of muscles, and these surfaces are 
marked off by lines or borders, sometimes diflScult 
to trace. It has four borders and four surfaces. 
{See Fig. 33.) 

Borders. Anterior, extending from the front of the 
head, and forming the anterior margin of the deeply 
grooved outer surface, and in its lower fourth splits 
to form the boundaries of a well-marked triangular 
surface, that ends below in front of and behind the 
external malleolus. 

Inner' border or interosseous line, often not dis- 
tinguishable from the last-named border in its upper 
half, extends from the back of the head, is separated 
from the anterior border by a narrow space (anterior 
surface), which widens in the lower two-fifths of 
the bone; the inner border ends by joining the 
anterior again in front of the external malleolus. 
The line gives attachment in its whole length to the 
interosseoiis menibrane. 

Posterior outer border, prominent, sharp, extends 
from the styloid process, twists backwards, and ends 
internal to and behind the external malleolus. 

Posterior inner border traced from the inner ex- 
tremity of the head, twists inwards and forwards, and 
joins the interosseous line in the lower fourth of the 
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bone. Near where these two lines join is the foramen 
for the nutrient artery. 

Surfaces, Anterior is the space between the anterior 
and interosseous borders, narrow above, and often a 
mere line, broader in the lower half of its extent, 
lost again close to the malleolus. It gives attach- 
ment to the extensors (extensor longus digitorumy Pero- 
neus tertiuSy and extensor proprius pollicis). 

Outer surface deeply grooved in its upper third, 
becomes posterior below, and ends behind the malleo- 
lus; it gives attachment to the Peroneus longus and 
brevis Ms. The triangular surface on the malleolus 
is separated from it by the hindermost branch of the 
anterior border, and is subcutaneous. 

Posterior surface between the outer-posterior and 
inner-posterior borders is flat, broad, and marked in its 
upper fourth by a roughness for the Solaus 31.; it 
becomes internal below, and is rough at its lowest 
part for ligaments ; it gives attachment in its lower 
three- fourths to the ^/lexor longus pollicis M. 

Internal only exists in middle three-fourths of the 
bone, between the interosseous and posterior-inner 
borders, sometimes marked by a rather prominent 
ridge ] it gives attachment to the Tibialis posticus M. 

[Mem. — This arrangement of borders and surfaces 
is the most natural, as it explains the attachment of 
groups of muscles to the bone.] 

3. Lower extremity triangular, forming the ex- 
ternal malleolus; it projects downwards lower than 
the inner malleolus, and its apex, which is placed 
posteriorly, is behind the level of the inner; its 
outer surface forms part of the triangular subcu- 
taneous surface noticed in the examination of the 
anterior border of the shaft, and is directed rather 
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anteriorly ; its posterior surfece is grooved fur the 
Peronei tendons, and is continuous witli the out«r 
surface of the shaft ; its inner surface is rough abore 
for the interosii-ma ligamettts, is smooth and articular 
below and in front where it coiaeB into contact with 
tJie astragalus, and has a deep, rough depression 
posteriorly, immediately under the tip of the malli 
ius for the external lateral UgametU of the 

Artutuiations. — With two bones — the tibJa above and 
below, and the astragalus at the malleolus. 

Bceelopmeitt. — Usually from three centres. One for 
the shail, appearing shortly after that for the tibia; 
one for the lower end, in tlie second year ; one for 
upper, in the third or fourth year. The lower epi- 
physis unites with the shaft in about the twentietli 
year, and the upper a little later, so that, unlike most 
bones, the epiphysis first to appear is the first to 
unite. 

Mfc/uinism.— As has been already pointed out, the 
bone appears to be placed as a solid but elastic tie- 
rod to the curve formed by the outer border of the 
tibia ; and this function of it is more noticeable, 
when owing to its defective development the Tibia 
loses its support. Three examples of this peculiarity 
are recorded by the author in the " Journal of 
Anatomy and Physiology," vol. vii. 

Although the fibula does not receive or transmit 
force perpendicularly from the knee to the ankle or 
vice versi\, yet it must not be forgotten that the 
wedging of the astragalus between the malleoli, in 
running, jumping, and standing, will distribute the 
force of concussion or pressure, and as we shall see 
by the architecture of the outer malleolus, this part 
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of ihe bone is evidently constructed with a view to 
this important function. 

We notice in the bone & lateral curve, beet marked 
towards the middle or lower third, the concavity 
bein^ directed outwards ; and an antero-poeterior 
curve in the whole len^h of the bone, the concavity 
being* forward and rather inwards. We notice also 

F'B- 39- 




the strongly marked ridgee or borders which 
strengthen so much a bone otherwise extremely 
liable to fracture : the tendency to a spiral arrange- 
ment in these ridges {fives the bone an appearance of 
being twisted, and it is peculiar that in this bone the 
apparent twisting is the reverse of that seen in other 
long bonea. It appears to be twisted outwards. 
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Now these curves and ribs give elasticity and 
strength, so that the tihnia is one of the most evi- 
dently elastic bones in the body. Owing' to the 
compnrative length of the bone, its elasticity is 
easily felt in the living subject by pressing the tibia 
and fibula together, and I have been for years 
accustomed to make use of this to determine the 
presence of fracture not involving the extreme ends ; 
if the elastic rebound of the bone after pressure 
is not obtainablej it is evident that the bone is 
broken. 

The architectural structure of this bone throws 
some light upon its fiinctions in the human skeleton, 
and helps to siiow that a certain amount of the yertical 
pressure of the body acts through the fibula. A 
section through the upper end {Fig. 38) shows in the 
better- marked specimens an arrangement of curved 
iibrcs extending from the articular surface and spread- 
ing into the shaft, where they are crossed by other 
curved fibres nearly transversely. A few run 
separately into the styloid process and are nearly 
vertical. Now, in the majority of bones the arrange- 
ment is difficult to trace clearly, and beyond the 
portions marked in the diagram the cancellous tissue 
is simply porous and indefinite. Still the presence of 
these curved fibres is very strong evidence of pressure 
being exerted in tbe long axis of the bone, and when 
the position of the fibula with regard to the outer 
condyle is noticed it becomes more certain that the 
weight of the body, when carried through the ex- 
ternal condyle of the femur and outer tuberosity of 
the tibia (us in standing on one leg), must be in part 
carried to the fibula. Perhaps it will be more evident 
if the force be traced from below, when the fibula 
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receives part of the upward force from the astragalus^ 
for the same pressure which separates the malleoli 
wlien a man is jumping' or bearing a great weight 
also forces the fibula upwards. A further evidence of 
the association of tibia and fibula for this direction of 
pressure is to be found in the &ct that special diverging 
fibres are seen in the tibia springing from the articular 
surface against which the fibula lies. 

At the lower end (Fig. 39) diverging curves start 
from the surface of pressure — firom that surface which 
comes into contact with the astragalus, and these are 
crossed by other less distinct curves at varying angles. 
Now, it is noticeable here that, although the fibula is 
in contact with the tibia, and is somewhat thick in its 
shell at that point, no columns are seen in relation to 
that surface. Moreover, none are visible in the cor- 
responding portion of the tibia. This must be taken 
in connexion with the fact that little or no pressure 
is exerted between these two surfaces, and we then 
see another corroboration of the view that these 
curved fibres are directly related to the lines of 
greatest pressure. 

Means of distinguishing right from left, — Hold as if 
in your own body, with the lumpy, irregular end 
upwards, its small styloid process being behind, and 
the deep fossa at the lower end for the external 
lateral ligament backwards, then the smooth, well- 
marked subcutaneous triangular surface on the 
malleolus looks outwards and forwards — i,e,, points 
to side to which the bone belongs. 

Points of importance : — 

1. Head with peculiar styloid process projecting 
upwards behind. 

2. Peculiar triangular subcutaneous surface above 
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the outer malleolus, looking forwards and out- 
wards. 

3. Peroneal groove at the back of the malleolus, 
and pit under cover of it. 

4. Apparent twisting of bone outwards. 

5. Always subsidiary to tibia in animals. 
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PATELLA.— Plate VI. 

Synonyms : E. Knee-cap, knee-pan. 0. Die Kniescheibe. 
Fr. La rotule. L. Rotula. 

Situation, — Placed in front of the knee somewhat in 
the same manner that the olecranon is placed at the 
back of the elbow, but attached to the tibia below 
only by ligament.* 

Shape. — Rather heart-shaped, with apex down- 
wards. 

Parts. — Consisting* of anterior and posterior sur- 
faces, a rough base, and a prominent apex below. 

Anterior surface rough, grooved longitudinally by 
the tendinous fibres of the quadriceps M. and covered 
in the recent state by a bursa which is liable to 
inflammation in housemaids and others working much 
on their knees. 

Posterior surface chiefly made up of an articular 
surface which extends to the limit of the bone above 
but not below, separated into two nearly equal 
parts by a longitudinal ridge, the outer part being 
rather largerf than the inner and rather more 
concave. If these articular surfaces be examined 
carefully other ridges will be seen (Fig. 40), two 
running transversely across both surfaces near the 
upper and lower borders, and one running nearly 
vertically on the inner facet. These lines mark ofF 

* Owen looks npon the patella to have its homologue in a 
sesamoid bone found sometimes in the biceps. The olecranon 
is then homologous with the styloid process of the fibula. 

t The large outer facet is peculiar to man (Humphry). 
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minor fej:ets, iDdieatiii°; contact with the femoral 
condyles in certain positions of the limh. 

Base thick, bevelled at the expense of the anterior 
surface, gives insertion to qvadrieepa extensor M. 

Apex pointing' downwards, separated from the 
articular surface behind by a depression for the 
ligaToentum patella. 

Artieulatims. — With femur only by direct contact. 
Bevelt^imeitt. — From a. sing;le centre appearing; in 
about the third year. 

Mechanism. — The patella is placed over the front of 
the knee for protection and leverage. TWhen the 
patella is absent some other provision for similar 
mechanical leverage is always found. Thus in the 
Kangaroo and the Ostrich the tubercle of the tibia 
is prolonged, and in the Frog the tendon of the 
Tibialis anticus lies beneath that of the quadricepB. 
It forms a sliding fulcrum, and 
Fig. 40. by this means economizes space, 

and its important action in the 
mechanism of the knee-joint will 
be referred to in considering 
that joint. Owing to the peculiar 
shape of the femoral articular sur- 
face, the patella comes into con- 
tact with bone only to a limited 
aidcular autfece. extent in the various movements, 
as Indicated in Fig. 40. The direc- 
tdon of force through this bone is twofold, one per- 
pendicular to the surface — -and this is a force of com- 
pression, the bone bebg dragged against the femur; 
the other in its length — and this is a force of traction 
or extension i one is centripetal, the other centrifuffal. 
' ! made through the bone, the can- 
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cellous tiflsue is seen to be composed of fibres which 
are arrani^d in various directions. 

A vertical eection (Fig, 41) shows a set of 
curved fibres spring;ing from the articular surface 
behind and diverging as they pass forwards, to the 
front, and arranged so that thej are at first vertical 
to the Burfece of pressure, and other curved lines 
parallel with both anterior and posterior surfaces, 
but best marked in front. 

In a horizontal section (Pig- 49) those lines ap- 
pearing parallel with the anterior and posterior sur- 
faces are best marked, but here the posterior set are 
best seen. Other fibres run across the substance of 
the bone in the manner indicated in the diagram. 

Rg.+3. 





In this constrnction we have evidence of admirable 
adaptation to the pressure always acting but always 
varj'ing. 

Means of distinguiskinfi riflht Jrom left. — Hold as if 
in your own body, with the apex downwards and the 
articular surfaces behind. Of these the outer has been 
described rhymingly to be stouter, the inner thinner. 

Points of importance : — 

1. Outer articular surliict the larger. 
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2. In Bome animals the patella lias a separate joiat 
for tlie femur quite distinct from the knee-joint, aad 
this is indicated in the human sulijec-t by the 2^0- 
mffliiuM mucosum, a synovial fold which runs 
below the patella backwards to the intercondyh 
notch of the femur. 
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MechaniBm of the knee-joint. — The knee may 
be looked upon as the most important joint in the 
body, inasmuch as it is the largest and is in almost 
constant use. 

It will be necessary to notice again roug;hly the 
peculiar anatomical features of the hones which enter 
into the formation of this joint — viz., the femur, tibia, 
and patella, and to remember that we have two joints 
in the knee, the patello-femoral and the tibio -femoral. 

Femur. — In this bone we observe that the end is 
enlarged for firm support and tor muscular leverage ; 
that the inner condyle is the larger owing; to the 
obliquity of the shaft (and in the same way the inner 
condyle of the humerus is the larger) ; that the outer 
condyle has the larger articular surface for the 
patello-femoral joint extending on the front of the 
bone higher than is the case in the inner condyle, 
and corresponding with the larger outer articular 
sarface of the patella ; that the two condyles (Fig. 
24), are parallel behind, and that this part of their 
articular surfaces, which we have called " proper 
condyle surface," is separated in front by a curved 
line from a " patellar surface" on t!ie outer condyle, 
and from an " oblique curvature" on the inner ; that 
the latter curvature is separated by a curved line from 
the "patellar surface of the inner condyle;" that there 
is also a peculiar crcscentic facet on the margin of the 
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oblique curvature ; and that the inner third of each 
condyloid surface (i,e,, towards the notch) is marked 
off from the rest. 

Moreover, certain curves, one plainly discernible in 
vertical section, have been referred to. In the outer 
condyle these are (Fig. 43) — 

1. Curve of the condvle surface — an arc of about 
120®, being part of a circle whose centre is situated 



Fig- 43- 



Fig. 44. 





Section through outer con- 
dyle of femur, showing curves 
of (a) condyle sur&ce and [if) 
patellar sur&ce. 



Section of inner condyle of 
femur showing curves of {a) 
condyle surface, (h) patellar sur- 
face, and (c) oblique curvature. 



Opposite the attachment of the posterior crucial and 
external lateral ligaments. 

2. Curve of the patellar surface — an arc of about 
120^, but of a much larger circle, whose centre is in 
the middle of the base on a level with the highest 
limit of the condyle surface, and whose plane is 
directed obliquely upwards and outwards. 

In a section of the inner condyle we notice 
(Fig. 44)- 
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1, Curve of tlie condyle surface just as in the 
outer. 

3. The anterior curve is now subdivided into two- 
one, tbe smaller, correspondinj^ with the oblique 
curvature, and representinn; an arc of ahout 50° ; the 
other, larger, belonfjing; to the true patellar surface and 
involving- an arc of ahout 100°. These arcs belong to 
circles of equal sizes, whose centres nre placed in a 
line running upwards and forwards from the centre 
of the curve for the condyle surfaces, and each of 
these circles lies in an oblique plane, just as was 
noticed with that of the other condyle. 

TSiia. — On the articular head of the bone we notice 
that the outer condyle is more circular than the inner, 
since rotation occurs here more upon a centra! axis, 
while the inner is more elongated, since the surface 
ghdes round itgainst the oblique curvature of the inner 
condyle of the femur in the first movement of flexion. 
But we notice also that the bone shows a crescentic 
line on each articular surface, which indicates the limit 
to which a semilunar fibro- cartilage or washer overlies 
the hone ; in fact, very little of the tihia comes into 
contact with the femur at any time, owing to the 
presence of this bevelled buffer. The spine stands up 
between the two articular surfaces, and performs 
important mechanical Junctions. For besides giving 
attachment to the semilunar cartilage, it gives rise to 
an obliquity of the articular surface of each condyle, 
so that each femoral condyle is prevented from being 
displaced laterally, and this obliquity of the surface 
and consequent obliquity of pressure explains the 
airangement of bone fibres in the cancellous tissue of 
the head of the tibia (Fig. 34). 

Patella. — In the patella we notice the various 
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minor facets which are indistinctly marked on the two 
larger facets (Fig. 40). 

In extreme flexion the upper and outer facet (1) 
comes into contact with the outer femoral condyle 
behind the boundary curve which separates the 
" patellar*' and " proper condyle" surfaces, while the 
peculiar facet (a) on the inner side lies against the 
crescentic facet on the edge of the ^' oblique curva- 
ture" of the inner condyle. It is only in this position 
of the limb that this facet is in contact with bone. 
When the knee is bent the lower part of the patella 
can be made to recede by pressure, and when the 
pressure is removed it springs back to its original 
position, since it is supported only by an elastic pad 
of fat. 

In semi-flexion only the two upper facets (below 
the figures 2, 2) lie against the femur ; one of these 
facets (1) was in contact during extreme flexion. 

In semi- extension only the two middle facets (on a 
level with 3) are in contact with bone. In this 
position the greatest advantage is afforded to the 
large muscle of the thigh {Quadriceps) for leverage, 
and therefore it is in this position that the patella 
is most frequently broken, the upper two-thirds being 
wrenched fiom the lower third. 

In complete extension the two lower facets (4), 
which are often run into one, are the only portions in 
contact with the femur. 

When we look at the movements which occur in 
the knee-joint, wo must bear in mind that it is 
surrounded by a bag or capsule which is loose in 
front but thickened on each side as lateral ligaments, 
so as to prevent anything more than the very 
slightest abduction or adduction, but allowing flexion 
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and extension along' the condyle curves : and the cap- 
sule is also rather strengthened behind. But there nra 
two curious bands passing from the tibia to tlte femur, 
or BMW versd, called crucial, since they cross one another 
like the bars of the letter X ; the anterior or eattemal is 
attached above to the inner and hinder part of the 
external condyle opposite the centre of the condyle 
t'urve, then passes downwards and forwards to the 
front of the inter-spinous pit, and this is the priding 
band, as we shall see, to the rotation of the tibia upon 
the oblique curvature ; the posterior or interiml is 
attached above to the front of the int«r-condyloid 
fossa, then passes downwards and backwards to back 
of spine and the inter -articular notch. 

The movements in the tibio-femoral portion of the 
knee-joint are : — 

1. Flexion and extension in an antero -posterior 
plane. Tliia occurs between the tibia and the proper 
condyle surfaces, between the positions of half-flexion 
and complete flexion of the thigh (Fig. 45, F" F). 
The centre of rotation is opposite the attachment of 
the lateral ligaments and of the posterior crucial liga- 
ment. 

2. ilotatioa along the oblique curvature of the inner 
condyle. This occurs between it and the inner con- 
dyle of the tibia, during the movement of the limb 
from semi-tiexion to semi -extension (F" F"). The 
radius of this curve is tbe anterior crucial ligament, 
which may therefore be looked upon as the guiding 
ligament of this motion. 

3. Rotation round the axis of the limb. This is 
allowed of, to a slight extent, when the joint is flexed. 

4. Abduction and adduction also occur to a very 
limited extent when the knee is bent. 
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If now the knee be examined in ite different 
poaidons and moTements, we ahall find that 

(a) In eemi-estension, as when standing^ " at ease" 
(F*), the femur rests on the anterior third of its con- 
dyles, and the crucial ligaments are not tensed. 

(l>) In passing to extension (F), as when coming up 




to " attention" at drill, the tibia rotates outwards along 
the oblique curve, the anterior crucial ligament acting 
as its guiding band, and becoming more and more 
tense ae the screw motion ia continued. Ttiis out- 
ward rotation of the tibia is the chief cause for the 
natural turning outwards of the foot in the erect 
posture. 
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(d) In complete extension the femur rests by its 
broad trochlear snrface and oblique curvature. 

(d) In passing' from semi-ijexion to complete 
flexion (P to F"), as in kneeling;, the movement is prac- 
tically antero -posterior, though not strictly so, as it is 
sli[,^ht]y curvilinear. In kneeling on one knoe, you 
may notice that the hinder foot is inverted, partly 
due to the mechanism of the ankle, and partly to a 
Blig;ht internal rotation of the tibia. 
■ In the erect position, it may be asked, why the 
knees do not give way irom the pressure of the 
Huperincumhent weight, seeing that the line of 
gravity is behind the joint ? Tbis may be accounted 
for by remembering that flexion cannot occur without 
rotation, and that in standing upright the weight of 
the body is really resting at the knee-joint upon two 
screws and not upon a bin^e, since the first move- 
ment of flexion is very marked rotation or screw 
movement, and it is evident that the tendency to 
motion is reduced to a minimum by this simple means. 

These movements can be shown in the dead 
subject by making a pin project from the centre of 
one or both articular surfaces of the tibia, and 
carrying the knee from extreme extension to extreme 
flexion : the lines marked by the points of the pins 
upon the cartilaginous surfaces of the femur will 
indicate the course travelled along by the tibia. The 
original idea entertained of the action of this joint 
was that it was a simple binge-joint, but Meyer 
showed this view to be inaccurate, and that there 
was a combination of gliding and rolling and rotation 
in it. Weber in 1853 pointed out the oblique 
curvature of the inner condyle, and the special curve 
of what vre have termed the "condyles proper." 
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Ooodsir then showed that the patella had a number 
of curious facets ; Langer and Henle indicated the 
screw action of the joints and Goodsir in 1855 went 
forther, and insisted that the action was excessively 
complicated, that the screw was a double and a 
conical one, that there were two systems of screws, 
one between the front of the femur and the tibia, seen 
in extension, and another between the back of the 
condyles and the tibia, seen in flexion, but very slight, 
and that these were in opposite directions. 

In the patello- femoral articulation we find a 
gradual movement of the point around which the 
powerful extensor muscles of thigh are passing to 
their insertion into the tibia as shown in Fig. 45. 
It is evident that in the position of extreme flexion the 
mechanical arrangement is such as to insure velocity, 
while in the upright position it is such as to insure 
strength, the muscles acting almost directly upon the 
tibia. Such provisions are manifestly requisite : 
rapidity of movement being most wanted when the 
limb is bent, and steadiness when it is straight, and 
supporting the weight of the body. Moreover, the 
shifting pressure of the patella allows each portion of 
the trochlear surface of the femur tx) recover itself 
from the effects of pressure, sometimes very severe. 
And here we may refer to the similar provision for 
alternating pressure on the surface of the patella : 
the minor facets indicated in Fig. 40 show that in 
different positions of the knee, the patella has 
different portions of it brought into actual contact 
with the femur. 

When the tibia is being rotated outwards in 
extreme extension, the patella would be thrown with 
undue force against tl^e outer condyle of the femur 
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were it not for a peculiar provision. The lower 
fibres of the vasttis intemus muscle which forms the 
fleshy mass above the inner side of the knee are 
more developed and more advantageously placed to 
act upon the patella than the lower fibres of the 
vastus extemus on the outer side. When therefore 
the muscles are acting forcibly to keep the limb 
upright, those lower fibres of the vastus intemus by 
dragging on the inner side of the patella, take off the 
excessive pressure firom the outer condyle, and keep 
the axis of the patella in a line with the axis of the 
tibia. It is not to be wondered at that when disloca- 
tion occurs, it is almost invariably on to the outer 
condyle. 
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TARSUS.— Plate VIII. 

Synonyms : E. Instep. 0, Die Fusswurzel. Fr. Le tarse. 

Situation. — ^The tarsus consists of seven bones 
articulated together and occupying* the hinder part 
of the foot. The bones of the leg rest upon it 
above, and the metatarsal bones articulate with it in 
front. 

Shape, — ^The bones together form an irregular mass 
which at first sight appears to have little or no 
definite shape, but when carefully examined shows one 
of the most wonderful mechanical arrangements in 
the whole body. If looked at from the side, they 
form part of an antero-posterior arch which is 
completed by the metatarsus ; if looked at firom the 
front they form a transverse arch, and if seen from 
above they form a spreading arch with the concavity 
outwards. 

Parts, — They may be divided into two sets — an 
inner, consisting of a large upper bone, the astragalus, 
which receives the weight of the body through the 
tibia, and has a flattened hollow boat-like bone, the 
scaphoid, in front of it, and in front of this three 
wedge-like bones, the cuneiforms, inner, middle, and 
outer, which receive the bases of the three inner meta- 
tarsal bones. On the outer side we find the massive 
heel-bone or os calcis, which articulates in front with 
another massive bone, the cuboid, the latter receiving 
the bases of the two outer metatarsals. This outer 
set supports the inner set, and as will be seen after* 
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wards tfikea the weight of the hody in the erect 
posture, whereas the inner is arrang-ed in curves in 
order to provide for great elasticity in the various 
movements and concussions to which the foot is liable 
when the heel is raised. 

The older anatomists divided the tarsus into two 
sets of bones — a posterior, consisting of the astragalus 
and OS calcis ; and an anterior, consisting of the 
scaphoid, the three cuneiforms, and tlie cuboid ; and 
lor surgical purposes this arrangement is convenient, 
inasmuch as amputation {Chapart's) has sometimes to 
be performed aloufr the line separating these two sets, 
and also between tlie anterior set and the metatarsus 
(Self's). But considering the tarsus as a mechanical 
structure, the fomier, or longitudinal arrangement, is 
far preferable, as it assists materially in understanding 
the uses of the tarsus. 

Before examining the separate bones it is importa,nt 
to notice that the astragalus receives the weight of 
the body and is placed like a key-stone or crown to 
the arch, the front, rounded end, or head, being 
supported by an elastic ligament (the ealciaieo- 
ieaphoid) which admits of its rising and falling like a 
spring ; moreover, it is articulated with tlie os calcis 
and scaphoid in such a way as to allow of the lateral 
motion of the foot. Notice also that the scaphoid 
comes nearly, but not quite in contact with the cuboid 
except in rare instances, and tliat the middle cuneiform 
recedes between its neighbours, so that the second 
metatarsal is wedged into the tarsus. 

Each bone has a dorsal surface, which in all cases is 
considerable ; a plantar surfece, which is rough for the 
attachment of strong ligaments and muscles, and in 
the case of the two outer cuneiform hones is reduced 
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to a mere line ; also an anterior and a posterior and 
usuallj an inner and an outer surface. 

In determining the side to which a bone belongs 
remember to place it in the position it would occupy 
in jour own foot as you look down upon it; any 
other way of determining* the bone will be worse 
than useless^ for it will be misleading to the memory. 
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Known by its large conyex articular Burfeee pro 
longed OE to eacli side of 'the bone, by its rouniied 
head and constricted neck, and by its having two 
articular facets below — one convex, the other concave 
and separated by a deep groove. 

It is situated at the iipper end of the inner set of 
bones and transmits the ■weight of the tibia vertically 
to the OS calcis below. It is next m eiiw to the 0= 
calcis, and is wedged in between the two malleoli 

Upper surfaee presents in its posterior half a broad, 
smooth, articular surface, convex frum behind for- 
wards, slightly hollowed from side to side to receive 
the corresponding suriace of the tibia ; it is narrow 
behind, so that when the foot is extended, lateral 
movement of the foot is allowed of; whereas when 
the broad front part of the articular surface is wedged 
in between the malleoli, the foot is fixed ; the groove 
on this surface which causes the concavity from side 
to side is not truly median, but is so curved that the 
foot is inverted when pointed downwards. In front 
of this is the neck," rough for ligaments. Outer sur- 
face presents a large triangular slightly concave facet 
for the outer malleolus, continuous with the upper 
surfoce ;+ in front of this the surface is rough and 
recedes abruptly to the neck of the bone. Inner 
surface, more level than outer, presents a long and 

* The aeak ia the part most liable to fracture, but it iB more 
common for dialocatioD to occur to the head or to the whole bone. 
+ The earfacB for the outer maUeolua looks rather upwards, 
10 trausmits some weight through the fibula. 
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narrow horizontal facet near the upper border of the 
bone for inner malleolus; this is also continuous 
with the upper surfece; the rest of this surfece is 
rough^ with one special depression below the middle 
of the articular facet, for the middle part of the 
internal lateral ligament. Anterior surface convex, 
rounded, forms the head, which is received into the 
socket of the scaphoid; the surface is longest from above 
downwards and inwards, and it is along this, its long 
axis, that movement chiefly takes place in the joint ; 
it is continuous with a flattened or convex facet on 
the imder surface where the head of the bone rests on 
the ealcaneo-seaphoid ligament^ and sustentaculum; 
behind this is a deep groove running obliquely from 
the outer side of the neck to the posterior and 
inner angle of the lower surface, and separating 
it from a larger concave facet behind. The two 
facets of the under surface, it must be noticed, 
are parallel, but are the reverse of one another : the 
anterior is convex, the posterior is concave, and the 
groove between them is converted into a canal when 
the OS calcis is put in position; this canal is of 
mechanical importance, as it lodges the strong in- 
terosseous membrane round which rotation occurs. 
Posterior surface narrow from above downwards, 
almost entirely occupied by a groove which runs from 
without downwards and inwards, and lodges the 
tendon of the flexor longus pollicis. The posterior 
margin is very prominent. 

Determination, — Hold with the broad articular 
surface uppermost and the rounded head pointing 
away from you ; the large triangular lateral facet for 
the fibula will be on the outer side — i.e., will point to 
the side to which the bone belongs. 





Known by its boat-like form, its posterior surface 
being hollowed out and the point of the boat being 
prolonged into a rough tuberosity, at the inner end. 

Situated in front of the head of the astragalus, and 
behind the three cuneiform hones, its tuberosity forms 
a marked projectioa, which can he felt on the inner 
side of the toot. 

Poaterwr surface hollowed out, oval, articular. 
Anterior surface larger than posterior, presenting three 
dat facets, the middle one being triangular, with the 
apex downwards ; they articulate with the three cunei- 
form bones. Upper surface no n- articular, rough, con- 
Tex from side to side. Lo^er narrower than upper, 
convexo-concave from side to side, the inner extremity 
or tuberosity being separated from the rest of the bone 
by the concavity of this surface. Inner snrfuee is the 
rough tip of the TuberoBity, and gives insertion to 
the Tibialis postiem M. Outer surface convex from 
above downwards, rough, but sometimes presenting 
a small facet for articulation with the cuboid. 

Determination. — Hold with the concave surface to- 
wards you, and the convex non-articular surface 
upwards : the tuberosity points to the inner side of 
the foot — i.e., away from the side to which the bone 
belongs. 
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INTERNAL CUNEIFORM. 

Synonyms : Q, Erates Keilbein. Pr, L'ob cnneiforme interne. 

Known bj its being somewbat wedge-sbaped^ witb a 
rounded base, and a large kidnej-sbaped articular sur- 
&ce, wbicb articulates witb tbe first metatarsal bone. 

It is tbe largest of tbe tbree cuneiforms, and is 
placed on tbe inner side of tbe foot, between tbe 
scaphoid bebind and first metatarsal in front. 

It presents five surfaces. Inner convex firom above 
downwards, rougb, marked below towards tbe firont 
by a fiacet or groove, over wbicb tbe tendon of tbe 
TUnaUs anticus M,, witb sometimes a sesamoid bone, 
glides in its progress to its insertion into tbis bone 
and tbe base of tbe first metatarsal ; tbe upper an- 
terior angle is very prominent. Outer surface rougb, 
for interosseous ligaments, sligbtlj concave, witb a 
narrow articular surface near its upper and back 
borders for tbe middle cuneiform. Lower surface 
rougb, rounded firom side to side, forming tbe 
tuberosity of tbe internal cuneiform bone bebind 
for tbe insertion of part of tendon of Tibialis pos- 
ticus M.; to tbe front part is attached tbe Tibialis 
anticus M, Posterior surface is mucb smaller tban tbe 
anterior, and is concave, and articular for tbe sca- 
phoid. Anterior surface large, kidney-shaped, arti- 
cular, convex firom side to side. 

Des^ermination. — Hold with the large kidney-shaped 
surfece away firom you, and tbe tuberosity downwards ; 
the rougb slightly concave surface looks towards tbe 
outer side — i.e., points to the side to which the bone 
belongs. 



MIDDLE CUNEIFOHM. 

iiynoiiTmB : Q. Zwettea KBilbcin. Fr. L'ob Limeiforme secoiide. 

Known by its smrill si^e and simple wedne-shape, 
by ita not being bent on itself like the external 
cuneiform, and by its having a lateral facet, which 
runa along the upper and back borders of the inner 
surface. 

It is the smallest of the cuneiforms, wedg^-shaped, 
with the base upwards, placed between the other two 
cuneiforms, articulating behind with the scaphoid, and 
in iront with the second metatarsal hone. 

It has five surfaces. Upper no n- articular, quai 
lateral, with the posterior inner angle projectii _ 
Inner rough, rather convex, presenting a narrow facet 
along its upper and posterior borders, corresponding 
with that on outer surfece of the first cuneiform. 
Oufer rough, rather concave, presenting a single 
vertical facet along its posterior border. Posterior 
triangular, slightly concave, smooth for articulation 
with the scaphoid, continuous with the lateral facets. 
Anterior triangular, flat, articular for the second meta- 
tarsal. 

Determinatimi, — Hold with the base upwards, and 
that surface t-owards you which is continuous with the 
lateral facets; the base projects backwards towards 
the inner side, and that lateral lacet which runs along 
the upper and hack border points to the inner side 
of the foot — ».e., away from the side to which the bone 
belongs. 
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OUTER CUNEIFORM. 

Synonyms : 0. Drittes Keilbein. Fr. L'os cuneiforme exteme. 

Known by being wedge-shaped, and apparently 
bent on its outer side, comparatively narrower than 
middle cuneiform. 

It is situated between the middle cuneiform and 
cuboid, with the scaphoid behind and the third meta- 
tarsal in front. Like the previous bone, the base of 
the wedge is uppermost. 

It has five surfaces. Upper rough, non-articular, the 
inner margin being shorter than the outer in con- 
sequence of the bend in the bone and the obliquity 
of the posterior surface. Inner smaller than outer, 
rough, and presenting a single vertical facet along its 
posterior border, corresponding with that seen on the 
opposed surface of the middle cuneiform; a small facet 
is seen at the upper anterior angle of this surface, and 
is for the side of the base of the second metatarsal 
bone. Outer rough, large, presenting a large rounded 
facet towards the posterior border for articulation with 
the cuboid; a small facet can be seen towards the upper 
anterior angle for articulation with the fourth meta- 
tarsal. Posterior less sharply triangular than the 
anterior, oblique, smooth, for articulation with the 
scaphoid. Anterior triangular, smooth for the third 
metatarsal bone. 

Determination, — Hold with the base of the wedge 
upwards and the smaller triangular surface forwards ; 
near the posterior aspect, the larger lateral facets are 
to be found ; the larger side of the bone with its large 
oval or circular facet looks towards the cuboid bone or 
outer side — i.e., towards the side to which the bone 
belongs. 



Bin. Ft. L'oi A^H 
; of the TarsnBi -^B 



Known by ita being tlie larjreat bone of the TarsnBi 
by its large donhle tuberosity and its overhanging 
process, upon which one of the two upper articular 
ikcets IE placed. 

It forms the heel, receives the weight of the body 
through the astragalus, which rests on it, and helps 
to form with the cuboid the strong ont«r arch of the 
foot, which cocfititutes, in fact, the lever for 
muscles of the calf. 

It has six surfaces. Upper irregular, 
behind, and convex Irom side to side, its length her6 
forming the length of the heel, which varies much in 
difierent races and individuals, the short heels re- 
quiring greater development of muscles in the calf; 
it is here covered by fat under the tendo-achillis. 
On the anterior half of this suriace are two large 
fecets, separated by a well-marked groove ; the pos- 
terior fecet occupies the middle third of the bone, is 
large, convex from before backwards, oval in outline, 
with its axis running forwards, outwards, and down- 
wards ; the anterior is also internal, is concave with 
its long axis parallel with that of the posterior facet, 
supported almost entirely by an overhanging process, 
the BUstentaculTim tali. They are separated by a 
deep groove, which, when traced outwards, ends in 
a large rough pit on the anterior third of the upper 
Buriace, and lodges the intcrosseovs ligartwut which 
guides the movements of this bone and the 
and is twisted in the rotation of these 
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both the facets articulate with the astragalus^ and the 
anterior is sometimes double. 

Lower surface narrow in front, broad behind, where 
it ends in two masses, or tuberosities^ of which the 
inner is b jfar the larger, and gives attachment to three 
muscles {abductor polliciSy Jlexor brevis diffitorum, and 
abductor minimi digiti), while the outer is small, promi- 
nent, and rough, for the aMuctor minimi digiti M,; 
the inner takes the chief weight of the body. From 
the under surface of the tuberosities Professor 
Humphry shows that bands of fibrous tissue con- 
tinuous with the periosteum run into the skin of the 
heel, and are chiefly directed downwards and back- 
wards. They doubtless result from the constant 
traction upon the skin in walking, and eventually act 
as checks against the bone slipping forwards over 
the skin. In front of the tuberosities the lower surface 
is rough, contracting to end in a rounded eminence, 
and ^ving attachment in its greater extent to the 
long plantar ligament (long calcaneo-cuboid) ; in front 
of the eminence the surface is depressed for the short 
plantar ligament (short calcaneo-cuboid) ; and along 
each side of it the accessorius M. is attached. 

Outer surface flat, broad, covered only by skin in its 
greater extent, marked by an eminence or a promi- 
nent spur (peroneal tubercle) which separates twc 
grooves, the upper for the peronefm brevis, the lower 
for the peronem longus M,, the tubercle itself for a liga- 
ment (part of external lateral) ; in front of and above 
this tubercle the bone gives attachment to the extensor 
brevis digitorum M. 

Inner surface hollow, smooth, with a marked over- 
hanging process, the sustentaculum tali, which is 
grooved below for a tendon (Jlexor longus polUcis), and 
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marked on its side by another tendon (Jlexor longus 
digitorurri). It gives attachment to a strong elastic 
ligament, calcaneo- scaphoid ^ the most important in the 
sole of the foot, since it supports the head of the 
astragalus, and if weakened the arch of the foot is 
impaired. The hollow surface is chiefly occupied by 
a muscle {Jlexor accessorius). 

Posterior surface rough, rather triangular, marked by 
a transverse rough line, into which the tendo-achillis 
is inserted, the plantaris being sometimes separated 
from it } below this the bone is rough and subcuta- 
neous, above it is smooth and covered by a bursa 
formed under the tendo-achillis. 

Anterior smooth, articular, sinuous, triangular, the 
axis of the groove of the surface being directed down- 
wards, inwards, and backwards. When articulated 
with the cuboid a notch is left below, and the upper 
margin of the os calcis projects as a tubercle, indicat- 
ing the position of this joint ; in Chopart^s amputation 
(medio-tarsal) this must be remembered. 

Determination, — Hold with the tuberosities towards 
you and occupying the under surface : the smaller 
broad tuberosity is on the outer side — i.e., points to 
the side to which the bone belongs ; the sustentaculum 
tali points to the opposite side. 
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CUBOID. 

Synonyms ; (?. Das Wttrfelbein. Fr. Le ouboide. 
L. Os cubiforme, ouboideum. 

Known by its cuboid shape and its prominent rid^e 
and groove. 

It lies in front of the os calcis^ forms a wedge 
between it and the outer two metatarsal bones^ 
articulating also with the side of the outer cuneiform. 

Upper surface uniform, non-articular. Lower presents 
a well-marked transverse ridge, in front of which 
is a deep groove for the tendon of the Peroneus 
longus; the ridge ends in a tuberosity, and gives 
'attachment to the hng caleaneo-ctiboid ligament. Inner 
surface presents an oval, flat, articular facet in its 
middle third, near the upper border, for the corre- 
sponding facet of the external cuneiform; the rest of the 
surface is rough for interosseow ligaments. Outer surface 
narrow, presents the tubercle and the commence- 
ment of the peroneal groove in front of it. Posterior 
surface obliquely placed, smooth, sinuous, triangular. 
Anterior surface also smooth and triangular, but flat 
and marked by a vertical ridge into two facets for the 
outer two metatarsal bones. 

Determination. — Hold with the ridged surface down- 
wards, the deep groove being on the distant side of 
the ridge : the tuberosity on the non-articular side 
points to the outer side of the foot — Le.j to the side 
to which the bone belongs. 
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Synonyma ; 6. Der MittellfuM. Pr. Le 



The five bones which articulate with tie tarsus are 
called metatarsal bones, that beloDgicg to the great 
toe beings called the first, although, strictly speaking, 
this bone ie rather a phalanx than a metatarsal bone, 
just as we have already seen in the first metacarpal 
bone. 

Each metatarsal bone is a long bone, and has a 
base, or proximal, or tarsal extremity, a shaft, and a 
head, or distal, or phalangeal extremity. The first 
is thickest and shortest, the second ia longboat, and is 
wedged in between the three cuneiform bones, and 
the fifth has a projecting tuberosity at its base. 
Notice that the three outer are articulated in one 
oblique line to the tarsus, and that in order to re- 
move the metatarsus from the tarsus {Eeg's ampuia- 
Cion) it will be easiest to commence by passing a knife 
behind the tuberosity of the fifth, separating the outer 
three, than to separate the first by passing the kniJe 
into the notch between the tuberosity of the internal 
cuneiform and the first metatarsal, then to dislodge ihe 
wedged base of the second by cutting on both sides, 
and then transversely rather behind. Notice also 
that the first metatarsal articulates with one tarsal 
bone, the second with three, the third with one, the 
fourth with two, and the last with one, exactly as 
was the case with the metacarpal bones. 

Common charaeters of the outer Jour. — Base oblique, 
triangular. Shaft thin, compressed from side to side, 
convex above, concave below nutrient foramen 
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ranning towards the head. Head compressed late- 
rally with a convex articular surface at the end, 
whose long axis is from above downwards^ and 
extends a good deal on to the lower surface. The 
head is a separate epiphysis ^in young subjects. 

Peculiar characters, — 1st metatarsal massive^ shorty 
apparently a modified phalanx. Base presenting a 
kidney-shaped articular surface for the internal cunei- 
form^ a very projecting lower edge, on the outer side of 
which is a roughness for the insertion of the peroneus 
longus M, Sfu^t prismatic, with a foramen for the 
nutrient artery running towards the base. Head 
large, with two grooved facets below for the sesamoid 
Inmes; these are separated by a ridge. 

Determination. — Hold with the base facing you, and 
projecting part downwards; the concave margin of 
the kidney-shaped articular surface looks to the outer 
side — i.e.y to the side to which the bone belongs. 

2nd metatarsal the longest. Base presenting two 
small lateral facets for the outer and inner cunei- 
forms. 

Determination. — Hold with the base towards you, 
the broad part of the wedge being uppermost ; the 
angle which projects most is on the outer side — i.e., 
points to the side to which the bone belongs. 

Srd metatarsal. Base triangular, generally pre- 
sents two lateral facets on the inner side, and one on 
the outer. Neither continuous with the triangular 
basal facet. 

Determination. — Hold with the base towards you 
and broad part of the wedge uppermost ; the angle 
which projects most is on the outer side — ^.e., points 
to the side to which the bone belongs. 

4th metatarsal. Base irregular, with tarsal facet 
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not triflDgular liut oblong, and continued into the 
outer lateral facet ; on the inner Bide ie a eiugle 
separate facet for the third metatarsal. 

BetvfBi'mation, — Hold with the base of the bone 
towards you, and the buse of wedge-Bhoped articular 
surface upwards ; the angle which projects most is on 
llie outer side — i.e., points to the side to which the 
bone belongs. 

5th metatarBoL Base presents a large tuberosity 
on the outer side for the insertion of the pcroneia 
brevis M. into tip, and penmeus tertiint If. on to 
dorsum ; the under surface is grooved longitudinally. 

Determination. — Hold with the base towards you, 
and the grooved surface of the shaft downwards ; 
the angle which projects most, and has upon it the 
tuberosity, is on tiie outer side — i.e., points to the 
aide to which the bone belongs. 

PHALANGES. 

These are smaller and shorter than those of the 
fingers, but in other respects the description already 
given of the latter will apply to them. The under 
side of each of the last phalanges is connected with 
the skin very firmly by means of strong radiating 
fibrous bands, which prevent slipping of the skin 
over the hone in the last part of the step. 

Development of ike Bones of the Foot. — The tarsal 
bones are developed each from a single centre, with 
the exception of the os calcis, which has an epiphysis 
for the tuberosity appearing in the 10th year and 
uniting about puberty. The lact of this epiphysis 
existing, makes the analogy between carpus and 
tarsus more marked, as the epiphysis corresponds 
with the pisiform, a bone not however united to the 
cuneiform. The eeatres apTjear in the followin 
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order : — Os calcis 6th months astragalus 7th, cuboid 
at birth^ external cuneiform 1st year after birth, 
internal cuneiform Srd year, middle cuneiform 4th 
year, scaphoid 4th or 5th year. 

The metatarsal bones and phalanges resemble the 
corresponding bones of the upper extremity in their 
development, the epiphyses of the four outer metatarsal 
bones being distal, that of the phalanges being basal, 
and the metatarsal bone of great toe truly a phalanx 
in its development. The nuclei of the shafts appear 
early, about the 8th week, for the metatarsal bones, 
and a little later (9-10 weeks) for the phalanges ; the 
epiphyses of the metatarsus appear between the 3rd 
and 8th year, those for the phalanges from the 8th to 
10th year ; they unite about the 18th to 21st year, 
the phalanges being rather the later. The so-called 
metatarsal bone of the great toe ossifies early, as might 
be expected from iti? size. 

Mechanism of the Foot, — If we have had occasion 
to admire the mechanism of the hand, we have equal 
cause to admire that of the foot, since in it we find 
mechanical provisions for strength, elasticity and 
mobility especially adapted to the requirements of this 
wonderfril part; and bearing in mind the fact that 
the weight of the body is constantly being exerted 
upon the foot, it fills us with admiration to see the 
arrangement by which so important a structure is 
protected from injury, and can move with the freedom 
and elasticity and propulsive power shown in jumping, 
dancing, and similar actions. 

As in the hand, so here we find the component parts 
divisible into three sets, called here tarsus, metatarsus, 
and phalanges. The tarsus, as has already been pointed 
out, is divisible into rows, which anatomically and 
mechanically we prefer to arrange as two lateral rows^ 
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The whole are massed together into one semi-solid 
structure, hut in this mass we see evidences of design, 
and can trace, but yet only imperfectly, the mecbanical 
advantages resulting irom it 

Looking at the inner side of the foot (Plate VIII.), 
we notice the antero-posterior arch, the Bunimit of 
which supports the natragalua and through it the 
tibia, and the extremities of this arch are formed by 
the dpof the heel and the hall of the great toe, or mora 
correctly the sesamoid bones attached to the latter. 
The same arch is seen from the outer side, but here it 
is modified, since the outer side of the foot, as we shall 
hereafter see, is required more for strength, and to act 
as the lever; consequently we find the bones massive, 
and coming down close to the level of the ground — 
in fact when great pressure is used several points 
come in contact with it ; the two ends of this arch 
are formed by the heel and the tuberosity of the 5th 
metatarsal. In this arch it must be observed that the 
astragalus lies with its anterior end unfixed, supported 
by a strong ligament (c ale aneo- scaphoid) which 
stretches from the sustentaculum to the tuberosity of 
tlie scaphoid — -a special provision for breaking the 
violence of concussion — and an extension from this 
ligament and from the tiMalis posticus tendon may be 
found spread over the inner aide of the joint. The 
small sesamoid bones act as buffers to the joint at the 
ball of the great toe, which has, it must be remembered, 
to sustain shocks at different angles according to the 
position of the foot, and the irregularity of the ground 
upon which it alights ; so that the ligaments are 
attached to two moveable bones, which in their turn 
are connected to muscles specially appointed to 
regulate and accommodate the movements of the foot 
3 varjing circiimBtauces. 
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Fig. 46. 



Lookisj; now at a section of the tarsus we see the 
transverse arch arranged with peculiar regularity 
like wedge-shaped masonry, if we make the section 
through the cuiLeiform bones. 

The third set of arches are seen in looking upon 
the dorsum (Fig. 46), and these have their convexity 
directed inwards, and are 
specially distinguishable 
' on the inner side. It is 
these last mentioned arches 
which form the key to the 
arrangement of the bones 
of the tarsus, since the 
most frequent pressure is 
exercised in the long axis 
of the foot, as in jumping, 
running, dancing, and the 
like. Now it must be 
noticed that there is a 
considerable di&rence be- 
tween the two sides, and 
the explanation of this is 
foiind in the different uses 
of t^e two sides of the 
foot, fn standing, the 
massive outer half, consist- 
ing of calcaneum, cuboid, 
and fifth metatarsal, forms 
a solid bent rod resting of hUe in the oniu. Ci. Oi 

on the ground by two or ?"''=?■.. '*> ^""pii". &■ 

^ . ^ Scaphoid. Cn i, Ot 2, Ot 3. 

three pomts, and sup- Inietnal, middle, and e.ternal 

ports the inner half, con- cuiwifonn bones. Cb, Cuboid. 

'Sisting of astragalus, sca- 
phoid, and cuneiform and metatarsal bones. Tbis 
outer massive rod is for strength, particularly 'Rvtli. 
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a view to its acting ns the lever, the power 'being ap- 
plied hj the calf muscles into the heel close behind 
the weight which is heing- transmitted through the 
astragalus : the fulcrum in case of movement will 
be at the toes, for it must be noticed that the bases 
of all the toes are spread out hy the superincumbent 
pressure, and movement takes place round them. 

It is through the inner side of the foot that t!ie 
numerous concussions of the foot are received, and in 
the annexed diagram, the direction of force coming 
in the axis of each metatarsal bone is shown to be 
modified in the tarsus. We have here, as in the 
hand, a provision for the distribution of force in the 
obliquity of the articulations, but 
Fig. 47. we have a more definite provision 

for elasticity in the curvilinear 
arrangement. 

The movement allowed of be- 
tween the separate bones is de- 
pendent in great measure upon 
the shape of the articular sur- 
faces, and is often peculiar. It 
will simplify the consideration 
of these if we take first that 
between the ostrBgalus and 
calcaneum. Now the inner half 
'ingupper of the foot appears to move np- 
CetiCTe of rnotion in in- ^"•'''s '^'^^ downwards more freely 
terossenus ligament. than the outer, and ia doing so 
brings together or spreads the 
toes according as it is descending or rising. This ia 
explained by the mechanism of the calcaneo-astra- 
galoid joint. Here we notice two nearly parallel 
articulations withJu the concavities and convexities 




Diagram sh 
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reversed; we also notice a deep pit between them, 
which in the natural state is occupied by a strong in- 
terosseous band round which rotation occurs. If the 
two bones be fitted together it will be seen that rota- 
tion inwards of the head of the astragalus round this 
centre is accompanied with a sliding of the bone 
downwards : consequently in the living skeleton the 
inner side of the foot is depressed by such a movement. 

The axis of this motion corresponds with that of 
the joint between the os calcis and cuboid^ as might 
have been expected. When therefore the weight of 
the body is received upon the ball of the great toe, 
and the heel is raised, the metatarsal bones are spread 
by this rotation at the astragalo-calcanean joint ; and 
the outer two are somewhat flexed on the tarsus, just 
as in the hand. 

The front surfaces of the astragalus and os calcis 
present the one a convexity, and the other a con- 
cavity, but the axes of motion are parallel, as shown 
in Fig. 48, but when the sca- 
phoid and cuboid are brought Fig. 48. 
into contact with these surfaces, 
the cuboid has a greater range 
of motion, and hence can rotate 
to a certain extent round the 
scaphoid : moreover the scaphoid 
in descending recedes a little. . . ^ ^ 

r-r 11 1 Antenor surrace of astra- 

Hence by downward movements gaius and os calcis. 
at these joints the convexity of 
the antero-posterior arch is increased, the toes point 
inwards, and the cuboid descending depresses the 
outer border of the foot and turns the sole inwards. 

In the metatarsus we notice the great strength of 
the innermost bone which has to receive the greatest 
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amount of violence in the active movements of the 
body, and we notice too the compact arch formed 
poBteriorlj between the bases of the hones, contrasting 
in a marked manner with the separated heads which 
are spread out in standing, so as to give a hroad bade 
of support. 

In the phalanf^es we notice the same movements as 
in those of the fingers, but these movemenca are 
greatly cramped by the abuse to which the foot is 
subjected by ill-fitting boots. 

Exaanining now the joints formed between the leg 
and footj and between the tarsus and metatarsus, we 
observe at the ankle the two lateral projections, or mal- 
leoli, which prevent lateral displacement, and notice 
that the outer malleolus is the longer and more pos- 
terior — a point to he borne in 
Fig. 4g. mind in amputating at this joint 

In^ On the astragalus we remark 

f"~'~\~^ \ that the anterior border is much 
I broader than the posterior, and 

^1 j I consequently the foot must be 

j I I steadier when brought to a right 

I I I angle with the leg, than when 

I / / pointed downwards — hence the 

\ / y former position is maintained in 

^- — riding, and when the foot is fixed 

Upper surftcc nf as- „i(jj ^^ ^g^j ^f the limb upon a 
ttagalus,showing curves r 

of rotation. spJint 1 moreover, dislocation of 

the tibia forwards is prevented by 
this arrangement. If the articular surface be carefiilly 
examined, it may be seen (Fig. 49) that its outer edge 
is much more curved than the inner, that the curve 
of the groove on the surface is similarly marked, with 
its concavity directed inwards, consequently there 
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must be partial rotation outwards of the foot in 
flexion^ and rotation inwards in extension^ or pointing 
the toes downwards. 

In extending the foot from a position of extreme 
flexion^ there is to be noticed — (1) movement at the 
ankle-joint — ^which is really extension with a slight 
inversion^ owing to the curve just mentioned; (2) 
movement at the astragalo-calcanean joint — ^which is 
really extension with depression of the outer edge of 
the foot, owing to the heel being pulled upwards ; 
(3) movement at the tarso-metatarsal joint — ^which is 
extension with special depression of the fourth and 
fifth metatarsals. 

At the metatarso-phalangeal joints the direction of 
movement is upwards and outwards, so that although 
the inner edge of the great toe is in a line with the 
inner edge of the foot when on the ground, it is 
thrown inwards when over-extended — i.e.y forced up- 
wards, as occurs from most boots. 

It may be well to point out in this place that in 
the construction of boots certain principles should be 
carried out, for, in consequence of an ignorance of 
the mechanism and structure of the foot, we are 
made to suffer days and years of punishment. The 
toes naturally spread out freely, somewhat like the 
fingers, and those who like sailors are accustomed to 
expose their feet without a covering, obtain a useful- 
ness in them which astonishes more fashionable folks. 
A boot should allow free play of the toes, and the 
inner side should be quite straight, since when a 
normal foot is flat on the ground, the inner side of 
the great toe is in a line with the rest of the foot ; 
square, broad-toed boots are therefore preferable to 
rounded or pointed ones, which jam the toes together, 
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and narrow tJie basis of support. The sole should be 
made broad — broader than the uppers usually — again 
to give a firm and broad support, and not to cramp 
the foot. The heel should not be raised to the absurd 
height which fashion Eometimea condemns her 
Bufferers to, since when the heel is raised, the toes 
are necessarily forced forwards, and squeezed to- 
gether into the iront of the hoot The heel of the 
loot usually presses downwards considerably in front 
of the heel of the boot, and this should be borne in 
mind, for thereby the arch or spring of the hoot is 
destroyed, and tlie support which it should give to 
the arch of the foot entirely lost Therefore the heel 
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should be long from before backwards, and in case 
the arch of the foot he weak, this should he supported 
by a thin steel plate in the spring ot the boot The 
safest means of insuring a hoot being suited to the 
foot, is to have a cast of the foot taken, and to induce 
the bootmaker to mould the boot to the cast, which 
may he run in metal. 
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The internal architecture of the bones (Fig. 60) is 
characteristic^ and increases our admiration for the 
wonderiul mechanism of this organ. In the astragalus 
the curved lines run in two main sets^ one extending 
along the length of the bone^ from the ti^ochlea to the 
head, the other diverging from the posterior astra- 
galo-calcanean articular surface ; each of these there- 
fore coinciding with the directions of greatest pres- 
sure : the first in the violent actions of the foot, as 
jumping, running, &c. ; the last when the heel is on 
the ground, and the weight of the body (and possible 
extra weight) supported in standing. 

In the OS calcis the arrangement is peculiar. The 
fibres are in divergent curves in three main sets — one 
passing from the posterior astragalo-calcanean arti- 
cular surface into the heel; another, from the an- 
terior astragalo-calcanean joint downwards and for- 
wards to the cuboid articular surface, and the third 
forming an inverted arch, but constructed of divergent 
curves which spring from the middle of the lower 
surface of the bone. 

In the other tarsal bones there is an equally definite 
arrangement, corresponding with the lines of greatest 
pressure, as shown for instance in the antero-posterior 
axis of the scaphoid, internal cuneiform, and meta- 
tarsal (Fig. 50). 

In the metatarsals we see an arrangement of diver- 
gent curves springing vertically from the articular 
base. These curves are in two series (in a vertical 
section), and belong respectively to the upper and 
lower surfaces, and are arranged with their con- 
cavities in opposite directions. 

Similarly in the phalanges there are two sets of 
curved lines seen in a vertical section. 




SynonymB : E. Spine. G. Wirbclaaule, Itiickgrat. Ft. Le J 
tachis. L. Colwuna spinalie, rachiB. 

SiCiMtion. — This most wonderful piece of mechanical 
structure is a jointed column curved in the form of a 
double wave (Fig. 5"), supporting at its summit the 
skull with its important contents, protecting in its 
interior the almost equally important spina! cord, and 
resting upon the circle formed hy the pelvic bones 
which connects it with the lower extremities. It 
consists of twenty-four separate vertebrre, a massive 
bone, the sacrum, which results from the fusion of 
five or six vertebne, and a small tail-bone or coccyx 
which is also composed of united rudimentary 
vertebra?. Of the twenty-four separate vertebtffi, 
seven are situated in the cervical region, twelve in 
the dorsal, and five in the lumbar. 

There are certain characters common to all the 
vertebra;, and there are others which are more or less 
shown in the different regions and serve to distinguish 
the cervical, dorsal, and lumbar resi)ectively, while 
there are certain peculiar features which enable us to 
distinguish special vertebrse, viz. : — in the eermal 
region, the Ist, 2nd, and 7tb ; in the dorsal the 1st, 
9tb, 10th, 11th, and 13th ; in the lumbar the 5th. 
Moreover it is possible to lay down the scheme for a 
typical vertebra, as Prof. Owen has done, and trace 
how each vertebra, and each modified vertebra ap- 
proaches the archetype. 

General ekaraeters. — For the purpose of seeing the 
general characters of vertebrfe, take the middle bone 
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of each region (4th^ 12th^ and 22nd)^ and compare 
them, seeing what features they possess in common. 

They each enclose a large space, spinal foramen, 
having a thick solid mass in front called the body, 
the remainder of the ring being composed of an 
irregular arch, the neural arch, from which project 
several processes^ and on which are seen certain 
notches. 

The body is flat above and below for inter-vertebral 
discs, concavo-convex in front and rough for muscles, 
flattened behind where it forms part of the cir- 
cumference of the spinal foramen, and having in 
the middle of the surface several small and one large 
foramen for veins. 

The arch is composed of two anterior parts 
(pedioles)y springing from the body, and two pos- 
terior parts (lamin»), the union of which forms the 
prominent spinous process. 

Processes. Spinous process projecting backwards, 
and giving the name to the spine or spinal column 
from the number of pointed processes arranged along 
the column. Transverse process springs from the arch, 
generally about the junction of the pedicle with the 
lamina, and runs outwards. Articular processes, four in 
number, two upper and two lower, are appendages to 
the laminae, and are facetted for articulation with the 
corresponding processes of adjoining vertebrae. 

Notches, seen chiefly below, but also above the 
pedicles, and forming in the articulated skeleton, 
large, inter-vertebral foramina through which the 
various nerves pass, on leaving the spinal cord. 

Spinal foramen, converted in the articulated 
skeleton into a long canal, vertebral canal, in which 
lie the spinal cord and its coverings. 

M 
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CharoBters peeuUar to groups : — 

Lumbar. — Five in number, rarely six or four. 
Take now a lumbar vertebra, which will be known by 
itB large size and the absence oJ lateral facets on the 
massive body. Examine each part of it separately, 
and tile following' peculiar features are found. 

£odi/ broad transversely, thicker in front than 
behind, flat above and below. 

Pedicles strong', running directly backwards. 

Lmama short, deep, thick. 

Spinsus jiroccss horizontal, square, or aie-shapcd. 

Transverse process, springs from the junction of the 
lamina and pedicle, thin, directed rather back- 
wards, rather in front of the articular process, 
sometimes ends in an epiphysis resembling a 
modified rib. 

Artieular processes, iipjier concave, look backwards, 
and inwards, further apart than the lomer, 
which are cunves, and look outwards as well 
as forwards. 

Notch on the lower side of the pedicle is very deep. 

^linal foramen, triangular, wider than in tlie dorsal 
region, smaller than in the cervical. 

Dorsal. — Twelve in Lumber, intermediate in size 
between lumbar and cervical. 

Budff somewhat triangular j usualJy described as 
deeper from before backwards than from side 
to side, but not really so ; thicker behind than 
in front, and consequently producing alto- 
gether a curve with its concavity forwards, in 
this region; postenor surface rather concave 
from side to side; lateral surface presenting 
two half facets close to the rout of the pedicle. 
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one near the upper, the other near the lower 
edge, each being for a half facet on the head 
of a rib. 

Pedicles nearly on a level with the upper margin 
of the body. 

LanUna broad, thick. 

Spinous process long, oblique, directed downwards 
and backwards, prismatic, tubercular. 

Transverse process long, thick, directed upwards as 
well as backwards and outwards, the ends 
clubbed and presenting a concave facet on 
anterior surface for the tubercle of the rib, 
and springing from between upper and lower 
articular processes. 

Articular processes, upper looking backwards and 
slightly outwards, rather in advance of the 
lower. 

Notch larger than in the cervical region, smaller 
than in the lumbar formed on the lower side of 
the pedicle. 

Spinal foramen circular, smaller than in the lumbar 
or cervical regions. 

CervioaL — Seven in number, the first two unlike 
the rest. 

Body broad transversely, thicker in front than 
behind, but shallowest in the middle ; posterior 
surface flat ; upper surface concave from side 
to side with projecting lip-like edges, rather 
convex from before backwards ; lower surface 
smaller than the upper surface of the vertebra 
below, being embraced when articulated by 
the lips of the latter. 

Pedicles directed outwards. 

m2 



Zamints narrow, long-, thinner above than below, 
lower edges everted so as to overlap the upper 
edge of the next vertebra below. 

^nnoas process short, inclined slightly downwards, 

but chiefly horizontal, bifid at the tip. 
Jiramverse process short, directed outwards, Ibrwards, 
and downwards, bifid, spring;ing by one root 
fi-om the body, and by another from the pedicle, 
and enclosing a large foramen for vertebral 
artery; the upper surface deeply grooved for 
spinal nerves. 

Articular processes, tipper looking backwards and 
upwards, flat, oval. 

Notch seen both above and below the pedicle, the 
upper continuous with a groove on the trans- 
verse processes. 

Spinal foramen large, triangular, larger above than 
below. 

[Note. — The transverse processes differ in length ; 
the 3rd is usually longest, while the Ist and Sth are 
usually the shortest, probably to make room for the 
obliquity of the ribs above, and to admit of motion 
laterally.] 



Peculiar eharacters of ctrtain Vi 
Fifth lumbar. 
Body more massive than in other lumbar vertebriE, 

much thicker in front than behind because of its 

forming an angle with the base of the sacrum. 
Tratisverse process usually very short, but thick and 

strong for ligaments. 
Twelfth dorsal. 
Body more like that of a. lumbar, presents a single 

whole lateral facet for the twelfth rib. 
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Transverse process short, having no articular facet. 
Articular process, lon>er are convex from side to side 

and looking* outwards. 
Eleventh dorsaL 
Bodjf somev;rhat like that of a lumbar, presents a 

single whole lateral facet for the eleventh rib. 
Transverse process has no articular facet. 
Tenth dorsaL 
Body presents a single whole lateral facet above for 

the tenth rib. 
Ninth dorsal. 
Body presents a single half-facet above for part of 

the ninth rib ; no half-facet below. 
First dorsaL 
Body J upper surface concave and with projecting 

lips ; side presenting entire facet above for the 

first rib, and half-facet below for half of the 

second rib. 
Spinous process horizontal, long, clubbed at the end. 

[Note. — ^The body of the fourth dorsal vertebra is 
usually the smallest ; from this point they increase in 
size as they are traced upwards and downwards. 

The spinous processes become shorter and more 
horizontal from the eighth downwards.] 

Seventh oervioal. 

Spinous process thick, long, clubbed not bifurcated. 

Transverse process : vertebral foramen small or de- 
ficient in consequence of the vertebral artery 
not passing through this bone. Sometimes a 
small epiphysis exists on the tip of each, or of 
one transverse process, resembling in situation 
and form a rudimentary rib. 



Second cervioal or ax^.'" 

Bodi/, Jiiiving on its upper side a tooth-lite process, 
odontoid process, which is smooth in front for 
articulation nith the anterior arch of the atlas, 
smooth hehind for contact with the transverse 
or crucial ligament which hinds it in place, 
rough ahove for lig;amenta (check or odontoid 
ligaments), anterior surface marked by a median 
ridge between two depressions for longi colli M. ; 
posterior surface below odontoid sometimes 
rough for ligaments (posterior-occipito axoid) ; 
lower surface oblique. 

Pedicles supporting in conjunction with body the 
upper articular process. 

Spinous process large, strong, tubercular, but 
usually bifid or channelled below. 

Transverse process small, not bifid, with vertebral 
farainen piercicg it obliquely to carry vertebral 
artery outwards to the broader transverse 
process of atlas. 

Artieular process ; upper in front of transverse 
process, Imoer behind. 

Notches; upper behind articular process, lower in 
front of it. 

Spinous foramen kidney- shaped. 

PirBt cerrlcEQ or atlas. f 

This vertebra has no true body, no pedicles, no 
spinous process, but consists of two lateral masses 
joined by anterior and posterior arches. Of tie 
whole ring thus formed each lateral mass constitutes 
about a fifth, the anterior arch one-fifth, and the 
posterior arch two-fifths, 

" Synonyma : 0. Die achne, L, Vertebra dentata, epiataj. 
pbeuM. + Synonym i 0. DrolnrirbeL 



VERTEBRAL COLUMN. 167 

Anterior arch; convex in front and presenting a 
central tubercle for ligaments^ concave behind, 
and smooth for articulation with the odontoid 
process of the axis which represents the body 
of the atlas. 

Posterior arch larger than the anterior, presenting 
a tubercle posteriorly in place of a spinous pro- 
cess. The bone is marked by a deep groove 
on its upper surface, immediately behind the 
lateral mass, and this is sometimes bridged 
over by a spicule of bone so as to convert the 
groove into a foramen ; it lodges the vertebral 
artery, and the groove can be traced to the 
vertebral foramen. The under side of this 
arch is notched behind each lateral mass for 
the passage of nerves. 

Lateral mass consists of articular processes, trans- 
verse process and certain tubercles. Articular 
processes different above and below ; the upper 
being concave, oval, oblique, with the long axis 
running forwards and inwards, so as to bring 
the two upper articular surfaces nearer together 
in front than behind, and make the anterior 
arch smaller than the posterior; the lower 
being flat, oval, and oblique. Transverse pro- 
cesses long, strong, bifid, clubbed, inclined 
downwards, perforated by the vertebral 
foramen which leads to the groove seen on 
the upper surface of the posterior arch. The 
tips of the transverse processes are separated 
more widely than those of any other cervical 
vertebra. Tubercles seen on the inner side of 
the lateral masses, between the articular pro- 
cesses; they are for the attachment of the 
crucial or transverse ligament. 
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It will be seen from the shape of these two bones, 
the atlas and axis, that very different moTementa are 
provided for in their several joints. Nodding' {nutation) 
and extension of the head are obtained by movement 
between the atlas and the bone above it (the occipital), 
rotation of the head with a side motion between the 
atlas and axis. 

Development of the wrtebra. — Prom eight or nine 
centres, three beiuf^ primary, and seen in the 7th or 
8th week of fcftal life. The primary are for the body, 
and for each half of the arch ; they unite about the 
3rd year The secondary are seen in the tip of each 
transverse process about puberty, and two or a single 
one at the tip of the spinous process about the same 
time. Lastly, a. thin plate is formed on the upper and 
lower surfaces of the body about the 20th year. 

In the lumbar region two other epiphyses are seen 
on the articular tubercles 

In the first lumbar and in the lower cervical, 
separate centres are sometimes seen m the transverse 
processes indicating the tendency to the development 
of swpernumerarj ribt 

The anfU is developed from sis centres, the primary 
nuclei being for eaLh lateral mass ind one or two for 
the body; while a little later two appear in the 
odontoid process and sometimes there is a third near 
its summit. 

The atlax is usually developed fi-om three centres, a 
small one in the anterior arch m the 1st year, one in 
each lateral mass in the th or 6th week ; these unite 
in the 3rd year and join the antenor arch in about 
the 8th. Sometimes an extra centre is seen in the 
posterior tubercle. 
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IiUtmal arehiteetitre. — If a rertical section be made 
through the body of a vertebra from before back- 
wards, it will be Been that the bony fibres of the 
cancellous tiesue are arranged in two directions, 
vertically and horizontally. In the accompanying 
diagram (Fig. 61) the vertical fibres are shovm not 
to be rectilinear but curved, and to have their 
concavity directed towards the centre of the bone. 
They therefore do not correspond with the outline 
of die surface, which has its concavity looking in 
the opposite direction. Langerbaus depicts them 




Verticil nui^n tection of the bod; of a Un 

as perfectly vertical lines, but this is certainly in- 
correct, and the advantage gained by curved lines is 
obvious in securing elasticity with equal strength. 
This accords curiously with an observation of Mr. 
Ward's, that it has been found that wheels whose 
spokes are slightly curved possess far greater dura- 
bility and power of resistance than those with straight 
Hpokes. 

The horizontal fibres are slightly curved parallel 
with the upper and lower surbces, and therefore 
with their convexities towards the interior of the 
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SACRXTM.— Plate XIV. 



—The sacrum is the direct continuation 
of ttie vertebral column, beinff in fact only a fusion 
f five or six separate bones, wliich in the fcetus are 
separate. It ia placed between the Inst lumbar ver- 
tebra above, tlio coccji below, and the two innominate 
bones on the sides. 

— Wedge-lilte with its base above, curved for- 
wards below, perforated by large lateral foramina. 

Parts. — It presents a laase, apes, anterior, posterior, 
and two lateral surfaces, and a canal (the sacral canal) 
runs its whole length. 

Anterior or Pelvis surface smooth, concave, espe- 
cially from above downwards, the concavity being 
more marked in the male than in the female. The 
upper edg;e of this surface projects forwards, and ia, 
called the promontory. It presents indications of 
the original division of the bone into (usually) five 
vertebra; by the presence of four traasverse lines, 
which are homologous with intervertebral substances ; 
at the extremities of these lines are four sacral fora- 
mjna, homologous with intervertebral foramina : and, 
running outwards from them are lour grooves for the 
s converging outwards. 
or Dorsal surjace convex, narrower than 
the pelvic, presenting in the middle line three or four 
prominent spinous processes, which are coalesced into 
a ridge. At the lower end of this ie a triangular 

* Hndibras. Fart IIL Canto II. line 161S and following. 
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aperture due to the incompleteness of the fifth arch, 
but the edges of this aperture are thickened and 
prolonged downwards in the form of horns (saoral 
oomua), which are for articulation with the coccyx. 
Between the spines and the lateral borders a broad 
groove exists on each side^ in which are found — (a), 
the coalesced laminae; (b), some rather irregular 
tubercles representing the articular processes situated 
between and behind {c)y the posterior sacral fora- 
mina, four or five in number. These latter are con- 
tinuous with the anterior sacral foramina but are 
smaller, and transmit the posterior sacral nerves. 
Beyond these is the commencement of the lateral 
masses. 

Lateral surface consists of the coalesced transverse 
processes, and presents two distinct portions — (a) an 
anterior ear-shaped surface (auriciilar), for articula- 
tion with a similar surface on the Ilium ; and {h) a 
rough irregular depressed surface behind for strong 
sacro-iliac ligaments. Below the inferior lateral 
angle is a notch which is converted into a foramen 
when the coccyx is articulated with it and transmits 
the 5th sacral nerve. 

Base is oblique, and presents — {a) a large oval 
articular surface for the body of the last lumbar ver- 
tebra, behind which is {b) the sacral canal continuous 
with the vertebral canal above ; {c) two articular pro- 
cesses rising from near the junction of the modified 
pedicles and laminae ; {d) a notch or groove in front 
of the articular processes, and assisting to form the 
last intervertebral foramen for the last lumbar nerve ; 
{e) the upper surface of a large lateral mass, con- 
sisting of coalesced transverse processes, smooth and 
continuous with the Iliac bone. 
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Apex presents only the projecting body of the last 
eacral vertebra, and articulates with the coccyx. 

Sacral Canal triangTilar; it opens below between 
the sacral cornua, and contains the cauda equina, ot 
the termination of the spinal cord and its mesa- 
braaes, as well as the leash of sacral and coccyg;eal 
nerves springinfi; from the cord. The anterior and 
posterior primary branches of the sacral nerves pass 
oif from the canal, through the anterior and posterior 
sacral foramina respectively. 

Artvmlationi. — With the ilium, the last lumbar 
tebra, and the coccyx, 

Peculiaritiei. — The male sacrum differs considerably 
from the female, and the distinction is of the g^reatest 
importance in determining the sex where ait adult 
skeleton has been found. In the male the promontory 
is usually very marked, and the curve of the anterior 
Eurfece is sharp and pronounced : the whole bone 
too is usually narrower than in the female. 

Sometimes the posterior arches are not perfectly 
closed, and then a bulging of the spinal membranes 
occurs, and the malibrmation is called spina bifida. 

Development. — ^Very much after the manner of 
vertebne. In the saerum it commences from three 
centres ibr each constituent vertebra, but in each of 
the first three or four the anterior part of the lateral 
mass is developed from an additional centre (Otli to 
8th month). Plates are formed at a later period on 
each of the bodies, as with vertebriB generally. 
Separate laminae are also found on the lateral borders 
{18th to 20th year), representing apparently the 
epiphyses of the transverse processes in a typical 
vertebra ; the upper of the two lateral plates connects 
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the upper three, the lower the last two component 
vertebrae. The lower arches and bodies are the first 

Fig- 55- 
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Three sections of the sacrum at different levels from above 
downwards (Ward). 

The numbered brackets indicate portions of the sacrum 
lying between the lines of measurement, and the annexed 
table shows the respective tendencies of each pordon to dis- 
placement — 

No. I resists anterior dislocation by 3 
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18—8 

80 that the bone is specially arranged with a view to resist 
forward dislocation in the proportion of 18, to backward dis- 
location 8. Of the combinations, No. 4 is neutral, while 
the remainder are all protective against forward displacement. 

to unite (2nd year), and the lower vertebrae are the 
first to be fused together (18th year). 
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Mecfianinm. — This bone acta hs a peculiar wedge, as 
has heen referred to in speaking of the innominate 
hone. In the first place, the whole hone is wedg;e- 
shaped, and supports upon its base the weig'ht of the 
spinal column. But it is not a simple wedge, for, as 
seen in Fig. 50, the outline of the edg;e is undulating, 
and therefore the hone is locked firmly. Again, it is 
wedge-shaped from hefore backwards, and is bo con- 
structed that if sections he made horizontally through 
it at different levels {Fig. 55), we find that its an- 
terior and posterior margins are alternately broader, 
BO that there is little or no possibility of displacement 
forwards or backwards, and its general wedge shape 
prevents downward displacement. The hone is there- 
fore locked in every direc- 
Fig. 56. tion by its peculiar shape, 

and by means of the power- 
ftil ligaments which con- 
nect it with the neighbour- 
ing hones. This locking is 
all the more necessary, 
because the bone is placed 
obliquely to the spine, hut 
the obliquity of the articu- 
lation adds to the safety of 
the brain and spinal cord 

Internal, arekiteeture. — In 
this compound of nume- 
u8 vertehrse we trace out 
I arrangement of struc- 
ture specially adapted for 
the pressure to which it is subjected from above and 
at the side. In a vertical section from side to side 




angement 
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(Fig. 66) we notice, first, a more or less vertically 
directed set of fibres in the bodies, not truly vertical 
but slightly curved, having their concavities towards 
the middle line; secondly, a set running from the 
upper surface obliquely outwards to the iliac articu- 
lation, curving more and more downwards as they 
pass, and others springing from the upper edge of the 
first sacral foramen until they run nearly vertically 
to the second foramen; liiirdly, a set curving 
downwards from the second (and other similar 
ones probably from the other foramina) and im- 
pinging partly upon the outer, partly upon the lower, 
surfaces ; fourthly, a set running at first parallel with 
the iliac articular surface and curving inwards below ; 
fifthly, a small but distinct series running from the 
lower part of the same surface and diverging as they 
pass inwards. 

In these arrangements we cannot but re- 
cognise a wonderful provision for strength and 
elasticity, and particularly for protection against 
the pressure which comes from above and from the 
sides. 

Points of importance : — 

1 . The bone consists of five or six vertebrae coalesced. 

2. Peculiar articulation with the innominate bones. 

3. Difference between male and female. 





COCCYX.— Plate XfVr %. 

SjQODynii ; E. Hockle-lione. wbiBtlD-boae (fnnn iti supptnl 
reBemtiiaDce to a cuckoo's bill ; fiatu^, a, cnokoo). G. Das 
Steiasbem, Swanzbein. Fr. L'oa coccyx. L, Oa coccjgiB. 

The coccyx is a continuation downwards of the 
Bacruin, and consists of itbout four rudimentary verte- 
bne, sometimes five, and more rarely three. The first 
piece is broad, and possesses (a) an articulating 
surface above and below belonging to the modified 
body; (S) two lateral projections, and (e) two promi- 
nent horns (cornua) for articulation with the sacra 
cornua. The second piece is flattened. The third 
and fourth are mere nodules. 

la middle life the first piece is usually separate, 
while the remainder are fused together. In advanced 
life the first is united with the last, and all with the 
sacrum, but this occurs sooner in males than in 



J}ei>dajinienl.— la the coccyx each component ver- 
tebra is incomplete, and usually developed from a 
single centre, but sometimes the upper have two. 
Ossification begins in the first part about the time of 
birth; in the second, in the 6th to 10th year; in the 
third, from the 10th to the loth ; in the fourth, from 
the 15th to 20th years. 

Spinal column aa a whole.— Now that wo have 
examined the characters of the vortebrie of each 
region, and the peculiarities of certain vertebne in 
each group, it is necessary to look at the spine as 
a whole. 

It is a wonderful mechanical structure, and well 
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worthy of careful study. It is a jointed column^ 
combining strength, mobility, elasticity and light- 
ness; supporting by means of levers and muscles 
the chief weight of the body ; capable of movement in 
every direction, yet containing and protecting the 
spinal cord — an organ only next in importance to 
the brain itself, and peculiarly susceptible to 
injury. 

We have said that strength, lightness, freedom of 
movement, and elasticity, are the features of this 
spinal column These features in part result from 
the characters of the numerous bones which form it, 
but they are also in part owing to the presence of 
strong, abundant, elastic substances lying like a series 
of washers between the bones and uniting them 
together. These intervertebral substances constitute 
about a fourth of the entire length of the column ; 
elasticity and movement are provided for by this 
structure. 

Considering the spine as a whole, let us examine 
first its length and its curves, then take the surfaces 
and examine the features each presents. 

Length, — ^This averages about 23 inches, or one- 
third the height of the body, and of these 23 inches, 
6 may be allowed to the cervical, 7 to the lumbar, 
and the remaining 11 to the dorsal. This is a point 
which you may make a note of rather than attempt to 
remember, but It is well to recollect about the average 
length of the column, for this does not much differ 
in persons although their height may differ con- 
siderably. The difference in height of individuals 
depends rather upon a difference in length of the 
lower limbs than in a difference in the trunk. You 
will notice this at a dinner party when all are sitting 

n2 
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on chairs of equal height, the difference in stature 
is not easily perceived until persons rise from the 
table. 

Fig. 57. 
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Carves. — These are three : the thoracic curve is 
longest and deepest^ the lumbar next^ and cervical 
least. The thoracic may be taken first, because it is 
most easily fixed in the memory. It is the back of 
a cylinder, and its concavity must therefore look 
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forward. The other two counterhalance it and look 
in the opposite direction. The lumbar corresponds 
with what is called the hollow of the back. 

Besides these three curves, another, a lateral one, is 
usually found in the dorsal or cervico-dorsal region. 
The spine here usually projects towards the right 
side, owing to the more frequent use of the right 
arm, the muscles of which come largely from this 
part of the column. Bichat gave this explanation 
as an improvement upon that oiF Cruveilhier, who in 
his " Traits d' Anatomie," expresses his belief that the 
curvature was due to the pressure of the aorta, a 
large artery which lies on the left side of the spine. 
Bichat was fortunate enough to meet with a case in 
which the aorta was out of place, and on the right 
side, but the man being right-handed his spine had 
the usual right deviation. Professor Otto records 
also a similar case. 

Came of the curves, — The cervical and lumbar curves 
are in great measure due to the greater thickness of 
the bodies of the vertebrae in front ; and the lumbar 
in the same way, but in the dorsal region the chief 
cause of the curve is found in the inter-vertebral 
substances. There are also elastic ligaments (ligamenta 
subflava), always on the stretch behind the bodies 
of the vertebrae, and these will be brought into action 
more in the lumbar and cervical regions than in the 
dorsal, which is almost fixed. 

Object of tlie curves. — ^Their object or result is un- 
doubtedly elasticity. They diminish, for instance, 
the jar which a fall or suddenly sitting down pro- 
duces. Now a curved column is more adapted to 
variations in the direction of pressure than a straight 
one, and it has been experimentally proved that the 
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amount of weig'ht cnpable of being Lome by a three 
curved elastic coluntu like the spine is nbout nine 
times as great as by a straigbt inelastic one. Again, 
:he curves are important in bringing the line of 
gravity of the body through the aeetabula, or rather 
,hrough the middle of the line joining them, and at 
same time allowing special freedom of room for 
viscera contained in the bony cavities of the 
;hor(LK and pelvis. Thej protect also the brain, which 
placed on the summit of the curved elastic column, 
P^amids. — We have now taken the curves of the 
spine, and before carefully examining each of the sur- 
faces which the vertebral column as a whole pres nts, 
let us look at the building of this column. Is it 
simply a column — -an uniform cylinder or a graduated 
pyramidal one, or an irregular one ? Place the spine 
before you and examine it. Take a side view and 
you see that it is a ta]iering column, a pyramid in 
fact resting on the sacrum. Take a front view, leaving 
out of mind the transverse processes, which are merely 
brackets, so to speak, for the attacbment of levers, 
and now it is evident that the column is a series of 
pyramids, and not a single one, as it appears to be on 

Beginning below the sacrum is seen to be an in- 
verted pyramid. Upon the base of this is a long 
pyramid, for. the bodies (and arches) of the lumbar 
and dorsal vertebrae gradually diminish as they are 
traced upwards to the 4tli dorsal. This is pyramid 
No. 2. Upon this is a third pyramid, which has its 
base inverted, lor the vertebrie become broader now 
up to the 1st dorsal. Upon this is placed a fourth 
pyramid, which consists of the lower cervical, 
gradually diminishing up to the 3nd. And upon the 
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summit of the axis comes the atlas with its still broader 
burden above — the cranium. 

Including the sacrum then, we find a series of four 
pyramids supporting the atlas, and the extremes of 
these are to be seen at (a) the tip of coccyx, (b) base 
of sacrum, (c) 4th dorsal, (d) 1st dorsal, (e) 2nd 
cervical. These remarks refer, you must remember, 
to the solid column, that is, to the bodies (and arches) 
but not to the transverse process, and simply to the 
front view. The solid part of the column then — Le,, 
the bodies and intervertebral substances, form a 
simple pyramid, as viewed in one aspect — from the 
side, and a complex pyramid in another aspect — from 
the front or back. It is evident that the pyramidal 
form gives strength, but this will not explain the 
series of pyramids seen from the front. 

Now as nothing exists without an object, there is 
evidently some purpose in this arrangement. In 
determining this it must be borne in mind that the 
most moveable part of the column is the cervical, and 
the most protected and immovable is the sacral, while 
the dorsal is very limited in its powers of movement. 

The sacrum is a wedge, adapted by its base to 
support the whole of the rest of the column ; more- 
over it is a wedge of peculiar construction. It is 
more or less on the principle of a toothed or sinuous 
wedge, and so becomes a locked pyramid very little 
liable either to be displaced or to force apart the two 
innominate bones between which it is placed. 

Upon this sacrum stands the second pyramid,, con- 
stituting nearly three-fifths of the total length of the 
column. This is broad below, where movements of 
flexion and extension are freely allowed of, but where 
little external support is given. The upper part of 
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this pyramid is narrow, for it is here that very little 
more than rotatory movement occurs, and where much 
support is given hy the riiis and li^ments. 

Higher up this column becomes broader for the 
purpose of affording^ a broad bfiso upon which the 
cervical pyramid may rest. And the cervical pyramid 
is broad lite the lumbar, for it is very little supported 
by neighbouring structures, and even more than the 
lumbar has to allow of extremely free motion, includ- 
ing fleiion, extension, lateral movement, and rotation 
of a peculiar kind ; but then, unlike the lumbar, it 
has not a very groat weight to support, for the head 
is not so heavy as to require the solidity of a lumbar 
vertebra to support it in the neck. 

Side by side with these ppamids, let us consider 
the outline formed by the extremes of the transverse 
processes (Plate XII.) and compare them with what 
we have just examined ; for it is necessary not to 
confound the two. 

Among the lumbar the broadest transverse process 
is the Srd. 

Among the dorsal, the last is the narrowest owing 
to the ribs becoming more oblique, and they increase 
in width as you trace them upwards to the Ist. 

Among the cervical they diminish in size from the 
7th to the 2nd, but the Ist stands out fer beyond the 
others. 

Here then we have a double pyramid for the 
lumbar, a single inverted pyramid for the dorsal, and 
an erect pyramid for the cervical, bearing at its 
summit the atlas. 

These transverse processes are thus arranged with 
a definite object apparently. In the neck they are 
«nall and light j for the muscles attached to them 
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are not so powerful as those below. In the dorsal 
region they are larger, for the ribs now have to be 
partly supported by them. In the upper dorsal 
region they are more prominent and more horizontal, 
for the ribs leave the spine more horizontally than 
below; in the lower dorsal region the ribs become 
more and more oblique, and this obliquity of the ribs 
explains the smallness of the transverse processes of 
the upper two lumbar vertebrae. In the middle of 
the lumbar region the transverse processes are much 
the strongest, for it is here that very powerful 
muscles are attached {erector spina, multifidvs spina, 
qtiadrattis), but the lower ones are diminished in size 
on account of the projection of the haunch-bone in 
this situation. 

Surfaces, — Now take the vertebral column before 
you and examine it again. It has a front, a back, 
two sides, a summit, base, and a canal. 

Looking at the anterior surface or front, the bodies 
are seen to form a set of four pyramids, as already 
described, alternately inverted and erect, supporting 
the atlas. You observe also the outline of the trans- 
verse processes, forming a double pyramid for the 
lumbar, an inverted one for the dorsal, and an erect 
one for the cervical region, these again supporting 
the atlas. Notice one thing particularly here — ^how 
much further out the transverse process of the atlas 
stands than that of the axis, and this prominence of 
the transverse process when dissected out sometimes 
puzzles the student or examinee. Now these cervical 
transverse processes are perforated by a " vertebral 
foramen " for an artery, the vertebral artery, which 
Tuns from below upwards into the head. It is very 
easily exposed as it runs obliquely outwards from the 
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tinue into one large muscle; and several of such mus- 
cles will be found attached to articular tubercles in 
the loins^ and transverse processes in the back, or to 
transverse processes in the back, and articular pro- 
cesses in the neck. Thus the dorsal transverse pro- 
cesses are thrown further back than the others. In 
fact tliey are behind the articular process. 

(6) In this view you will examine the projection 
of the spinous process. The cervical are more or less 
short and horizontal, the dorsal long and oblique, 
and the lumbar square, large, and horizontal. The 
1st cervical has practically none ; the 7th stands pro- 
minently out, and is easily felt under the skin. It is 
called the vertebra prominens, and to it is attached a 
strong ligament, the ligamentum nuchse, much more 
strongly developed in animals whose trunk is hori- 
zontal, and in whom, therefore, the head requires 
more mechanical support. This view of the spinous 
process has given the name to the spine. 

(6) The articular process will come better in the 
consideration of the view of the posterior surface. 

Looking at the spine from behind you notice again 

(1) The outline formed by the tips of the trans- 
verse process. 

(2) That formed by the arches and bodies. 

(3) The articular processes with their tubercles in 
the lumbar and cervical regions. 

(4) The laminaB becoming deeper as they are 
traced from above downwards. 

(5) The spinous processes represented by a tubercle 
on the atlas are bifid in the cervical region. 

(6) The vertebral groove is the hollow along the 
side of the spinous process. In the back the trans- 
verse processes being continuous with the laminae 
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enter into the fonnation of the proove ; in the neck 
and loins the groove is limited liy the articular pro- 
tesses, and liy the tubercles of the transverse processes 
respectively. 

The mmaait of the spinal column presents the upper 
enrface of the atlas tog;etber with the odontoid procesB 
of the axis. 

The base will be at the tip of the coccyx. 

The verUh-al eanal opens above into the carity 
the skull, and below is terminated at the sacral 
opening:. It is trian^lar in the neck, narrow and 
rounded in the back, triangular again in the loins. 

Mechanism of the spine. — Incidentally this has been 
referred to in some measure in considering the various 
bones, and therefore only the chief points of interest, 
or such B& have not been already noticed in this com- 
plicated mechanical structure, will here be dwelt 
upon. Roughly, we may consider the mechanism of 
the spine with regard to its statics and dynamics 
separately. Under the first head we notice how 
strength is obtained by the gradually increasing breadth 
of the column as we trace it downwards (Fig. 57) by 
its internal structure (Figs. 51-54), and by its 
many projecting points which allow of the attach- 
ment of powerful muscles, whose duty it is to retain 
parts in position as well as to move them. 

Maitiaity is especially provided for In this wonderinl 
column by its compensating curves, which make it in 
principle lite a spring letter-weigher, and this elas- 
ticity is especially required in the more violent 
shocks to which the column is subjected in jumping, 
falling, &c., not only to protect the limbs and body, 
but especially to save the brain from injury. The 
curved outlines of the bones give further elasticity, 
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and this is ag:ain increased by the curved arrange- 
ment of the bone fibres in their interior. But a 
special provision for still further elasticity is found in 
the curious discs between the bones (intervertebral 
discs) whose importance is evidenced by their extent, 
for they together form about one-third of the whole 
length of the spine in the living subject, and con- 
tinued pressure upon them by the weight of the body 
during the day reduces the height of an ordinary man 
by about a quarter of an inch by the end of the day. 

Diffusion of shock is provided for by the number of 
separate bones, and the varying obliquity of their 
articulations. 

Freedom for movement is insured by the column con- 
sisting of so many separate bones and joints. 

With regard to the dynamics of this part we notice 
the numerous levers, small and great. The whole spine 
is one large lever, whose fulcrum is at the hip-joint, 
(Fig. 23), and each separate bone is a lever, whose ful- 
crum varies. The pulley is not exemplified, but the w- 
clined plane is seen in the wedge joint of the sacrum 
and in the oblique joints of the different bones, more 
especially in the cervical region and at the junction 
of the last lumbar and sacrum. 

The movements allowed of may be briefly sum- 
marized. 

Fleanon and extension are freely permitted in the 
cervical and lumbar regions, but less in the dorsal 
on account of the position of the thorax. The 
greatest amount of backward movement is allowed of 
in the cervical, the greatest forward movement in the 
lumbar region ; but it must be remembered that the 
backward motion of the head upon the atlas increases 
the apparent extension of the cervical region. 
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Eolation round vertical aojis. — This true twisting' of 
the spine only occurs in the dorsal region. In the 
lumbar region (Fig. 58) the movement round the 
centre of the body is prevented by the articular pro- 
cesses, and movement round the centre of the curved 
articular surfaces is limited to the lateral giving way 
of the intervertebral substances. 




In the cervical region the movement is peculiar 
and not round a vertical axis, except at the joint 
betvreen atlas and occipital bone. 

In the dorsal region (Fig. 59), however, the centre of 
the body corresponds with that of the articular curve, 
and consequently we find tliiit in rickets and other 
spinal deformities rotation in this part is not un- 
common, and the result naturally is to throw one side 
of the chest forward. 
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Rotation round an obliqtie axis, — This is seen in the 
cervical region^ and is indicated in Figs. 60 and 61. 

Fig. 59. 




arc of ^ 
rotation of^^^-^^ ^^-""^ 

lirocesses 

Dorsal Vertebra. The curves of the 
articular surfaces allow of rotation round a 
centre situated in the bodies. 



Fig. 60. 




Cervical Vertebra, showing rotation round an oblique axis. 
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The cause of this is the obliquity of the articular 
surfaces^ and the result is that in rotating the neck 
the head is thrown to one side. This combination of 

Fig. 6 1. 




Cervical Vertebra, showing rotation round an 
oblique axis. 

directions adds to the grace of movement for which 
the neck is peculiar. 

Lateral Jleocion, — This is permitted in all regions. 
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THORAX.— Plate XI. 

Synonyms : E, Chest. 0. Der Brustkorb. Fr. La poitrine. 

The bones which help to form the thorax are the 
sternum in front, the ribs on the sides, and the dorsal 
vertebrae behind. The cavity thus enclosed is a cone 
open above and below, the upper opening being 
naturally closed by a very large number of structures 
which are passing into and out of it, the lower being 
closed by the diaphragm, and the spaces between the 
ribs being filled up by muscles. 



STERNUM.— Plates III.-XI. 

Synonyms : £. Breast-bone. G. Brustbein. Fr. Le sternum. 

The sternum occupies the front of the chest, and 
supports the inner ends of the clavicles. Seven of 
the costal cartilages are connected directly with it on 
each side. The upper end lies only a short distance 
(not 2 inches) in front of the spine, the lower projects 
considerably, so that the bone is obliquely placed; 
this obliquity is increased during inspiration. 

Shape, — It has been likened to a sword, the upper 
broad part being the handle (manubrium), the middle 
the blade (gladiolus), and appended to the latter is 
a small point (ensiform cartilage). 

Farts, — The bone really consists of several coalesced 
segments, the number varying in different cases, but 
usually there are at least six ; of these the manubrium 
is the first, the gladiolus represents the next four, and 
the ensiform cartilage one. These are seen in the 
development of the bone. 

o 



li)i STERNUM. 

Manubrium, broad above, its vpper bidder present- 
ing- three notches, tbe outer two being; for the articu- 
lation of the clavicle and placed rather posteriorly, 
the middle constituting the inter-clavieular notch. 
Zower harder presents an articular surface for the 
gladioIuB. Lateral border marked bj an oval articular 
surface above for the first costal cartilage and a half- 
i'aeet below for the second. Anterior mrfaec convex, 
rough for muscles. Posterior surface concave, smooth. 

Gladiolus broader above than below, longer and 
narrower than the manubrium. Anterior surface 
marked by three or four ridges, indicating the original 
separation between the pieces ; sometimes perforated 
by a foramen, the stfirnal foramen. Lateral borders 
showing a large rough half-fecet above for the second 
costal cartilage and five whole facets beiow for the 
remaining trueriba; tbe upper three of these corre- 
spond with the transverse ridges on the bone. The 
upper and lower borders present articular surfaces for 
the manubrium and ensiform cartilage respectively. 

Enfliform or Xiphoid cartilage is cartilaginous 
until lute in life, is thin and leaf-like, but sometimes 
bifid or perforated by a large hole. 

Develepmmt. — From several centres, usually one for 
each segment, but sometimes two or more instead of 
one. Those for the upper segment appear about the 
6th or ?th month of fetal life, the other segments 
later ; that for the fifth piece about the 1st year, that 
for the ensiform cartilage much later, 16 years, or 
later still. The lower segments unite after puberty, 
the upper segments about 25, the body and ensiform 
in middle age, the body and manubrium in old a 
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RIBS.— Plates XI., XII., XIII. 

Synonyms : 0. Die Rippen. Fr, Les Cotes. Z. Gostae. 

Situation. — ^They occupy the greater part of the 
wall of the thorax, are twelve in number on each 
side, and are attached to the dorsal vertebrae behind 
in a peculiar manner : they each articulate usually 
with two adjoining bodies and intervertebral sub- 
stances, and also with the transverse process of one 
vertebra. The upper seven of them are called true 
or vertebro-sternal ribs, as their anterior con- 
tinuations, costal cartilages^ are connected directly 
with the sternum ; the next three (vertebro-costal) 
are connected each with the costal cartilage above ; 
the last two are free and are called the floating or 
vertebral ribs, each being tipped with a costal 
cartilage. 

Shape, — Each rib is a flattened curved band of bone, 
and curved peculiarly, so that (except in the case of 
the first two) the bone will not lie flat : one curve is 
directed with the concavity inwards, a second upwards 
seen towards the back of the bone, a third downwards 
seen in the anterior part, especially in those ribs 
between the 6th and the 10th. The upper ribs run 
nearly horizontally, the lower ones obliquely down- 
wards and forwards, the 9th being' most oblique. 
They increase in length from the 1st to the 7th, and 
then gradually diminish again. They are broader in 
front than behind, and decrease in breadth from the 
1st to the 12th. They are separated by spaces {inter- 
costal spaces) which are occupied by muscles. 

Parts, — Each rib possesses a posterior extremity or 

o 2 
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Jiead, a constricted portion or neck, a rough prominence 
or tubercle, a sharp bend or angle, a shift, and an 
anterior extremity. 
Common characters : — 

Head irregular, presenting two half-facets sepa- 
rated by a transverse ridge for the inter-articular liga- 
ment which connects it with an inter-vertebral disc. 

Neck constricted, flattened, about one inch long, 
smooth in front and below, rough behind for the 
middle costo- transverse ligament, rough above for 
the anterior costo -transverse ligament. 

Tubercle situated nearer the lower edge between 
the neck and the shaft, smooth and articular below 
for contact with the transverse process, rough above 
and behind for the posterior costo-transverse ligament. 
The tubercle is more prominent in the upper than in 
the lower ribs. 

Shaft thin, flat, curved on itself and bent rather 
sharply, a short distance from the tubercle where it 
forms the angle, which increases in distance from 
the tubercle from the first to the ninth rib. Outer 
surface, convex, smooth, marked at the angle by an 
oblique line running downwards and outwards for 
the tendon of the sacro-lumbalis M, Inner stirface 
smooth, concave, marked in its lower half by a dis- 
tinct longitudinal groove, which is seen best towards 
the back of the bone ; this is for the intercostal 
vessels and nerves. Lower border sharp. Upper border 
rounded. 

Characters of special ribs, — Certain of the ribs difier 
from the others and can be distinguished by peculiar 
characters. These are the 1st, 2nd, 10th, 11th, and 
12th. 
. First rib short, broad, flat and will lie on a level 
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surface. Head small and possesses a single articular 
facet for the first dorsal vertebra. Neck round, 
slender. Shaft flat, marked on its upper surface by 
(a) a rough surface near the tubercle for the scalenm 
medius M,; {b) a shallow groove in front of this for 
the subclavian artery ; {c) a rough surface further for- 
wards for the scalenus anticus M. ; the outer extremity 
of this roughness is sometimes raised into a tubercle ; 
{d) in front of this is another shallow groove for the 
subclavian vein. The anterior extremity is thick. 
The bone possesses no angle distinguished from the 
tubercle. 

Second rib rather flat, and will usually lie on a 
level surface. Shafty upper surface has a well marked 
roughness about the middle for the scalenus posticus M. 
This bone possesses an ill-marked angle, but the head 
has two half-facets. 

Tenth rib. Head presents a single articular facet 
for the body of the 10th dorsal vertebra. 

Eleventh rib, short. E^ad possesses a single 
articular facet. Tubercle absent, or if present it has 
no facet on it. Angle absent. No groove on the inner 
surface. 

Twelfth rib, like the eleventh, but shorter. 

Development. — From three centres — one primary for 
the shaft seen in the 7th or 8th week of foetal life ; 
two secondary ones for the head and one for the 
tubercle, seen about the 16th year ; but in the case of 
the last two ribs, no epiphysis for a tubercle is found. 
The primary and secondary centres unite as usual from 
the 20th to 26th year. 

MecTumism of the Thorax, — The chief purpose of 
the thorax is the protection of the heart and lungs, 
two of the most important viscera of the body, but 
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the thorai combines with this protecting function 
the power of pumping air alternately into and out of 
the chest, and it forma a support for the upper limbs. 

The pumping power results from the mobility and 
elasticity of the ribs, and exists only in certain 
aniraals. This power is fijeatly increased by the rise 
and fall of the diaphragm or floor, by which means 
the vertical capacity of the thorax is altered. 
The central part of this floor, however, is practically 
fixed, so that the heart which lies upon it is not 
disturbed by the movements of the luno-s and is not 
capable of displacement by the difl ent m ements 
of the body. When the arms a e be ng forcibly 
used the thorax is fixed ; a deep b eath s taken and 
held until the arms have done ti e iuty when the 
air is forcibly expelled; or sno he I eath s hurriedly 
taken to replace the used-up air, and to enable the 
man to continue his eflbrts. 

If we examine an articulated thorax we find the 
three curves already referred to in the ribs, and 
notice that tlie movements are peculiar. The head of 
the rib is fixed by ligaments to the spine, and 
motion occurs round this point. Again the anterior 
end of the costal cartilage is fixed to the sternum, 
and motion occurs round this point. Consequently 
one set of movements is round an axis which is tha 
line joining these two points. Now the ribs are 
placed as oblique loops or arcs, the middle being 
lower than each end, consequently this movement 
necessitates a rising of the middle by a process of 
eversion, just as when the bent elbows are raised 
while the hands and shoidders are kept fixed on 
nearly the same level. With this movement, which 
is the means of greatly widening the chest, there 
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must necessarily be a gliding of the tubercle upon 
the transverse process, but this is very small in 
amount, since the tubercle is placed so near to one of 
the centres of rotation. 

But there is another and a different movement. 
The anterior end of the costal cartilage is lower than 
the head of the rib, and provision is made for raising 
this in inspiration, and with its rise it is naturally 
pushed forwards and the sternum with it, so that the 
depth of the chest from before backwards is increased 
by this simple means. Now the greater the obliquity 
of the rib, the greater the extent of forward move- 
ment, and it will be seen that the lower ribs are 
most oblique, and each is more oblique than the one 
above, so that the lower end of the sternum is pro- 
truded more than the upper in inspiration. 

Another kind of movement is to be found in the 
costal cartilages, which are here placed apparently 
with a special view to providing elasticity: They 
are somewhat closely connected to the sternum and 
ribs, and each rise and e version and protrusion of the 
rib necessitates a twisting of these elastic cartilages. 
When the muscular action which has produced this 
has ceased, the elastic recoil of these cartilages is one 
of the only two or three simple means which eject 
the air in an ordinary expiration. The weight of 
the parts, and the elasticity of the lungs themselves 
form the other two factors. 

It has been stated that the first rib is fixed, 
but observation shows that it rises in ordinary, 
and to a very marked extent in extraordinary 
inspiration. 

It is out of place here to enter into the question of 
what muscles bring about these movements, but it 
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may be useful to suminarize the latest observations, 
wliich are ia some measure contrary to what baa 
been previously accepted. In tlie Proceedings of 
the Royal Society, 18?2, Mr. Le Gros Clark shows 
that:— 

1. The normal state of the riiapbrag;m, when at 
rest, is that of arched tension ; and this condition is 
due to the elasticity of the lungs resisting the 
atmospheric pressure on its thoracic surface. 

2. This tension is such that the diaphragm cannot 
be forced upwards whilst the ribs are iised ; and is 
exerted in drawing the ribs inwards when the inter- 
costal muscles are relaxed. 

3. The results due to this passive tension are that 
(a) it retains the supplemental air in tlio lungs ; (fi) 
it limits the encroachment of the abdominal viscera 
on the thoracic cavity ; (c) by virtue of the attach- 
ment of the pericardium to the cordiform tendon, the 
uniform calibre of this bag is secured, and the heart is 
thus protected from being impeded in its movements 
during respiration, the crura taking part in maintain- 
ing this condition when tbe muscle contracts ; (d) it 
economizes active power in inspiration, 

4. InspirattoH.— When the upper ribs are fixed by 
the scaleni, both sets of intercostal muscles act in 
increasing the transverse diameter of the chest, by 
raising the curve of the riba and the sternum. 

They rotate tbe ribs outwards. 

They fix the thoracic walls, and thus antagonize 
the tendency of the diaphragm to draw inwards 
the ribs to which it is attached. A fixed circum- 
ference is thereby secured, from which the diaphragm 
acts in altering its own form ; and this is one of 
the most important functions of the intercostal 
jnuscles. 
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They assist in expiration when the lowest ribs are 
fixed by the abdominal muscles. 

5. The scalenus anticus and posticus (especially the 
former) are auxiliaries in inspiration by raising and 
fixing the first and second ribs, and thus rendering 
them relatively immovable. 

Thus, when the scaleni act, the intercostal muscles 
raise the ribs ; when the scaleni are at rest, and the 
abdominal muscles act, the intercostals depress the 
ribs; if neither the scaleni nor abdominal muscles 
were to act, the ribs would be approximated at their 
centre by the action of the intercostal muscles. 

6. The i)ectoralis minor (when the coracoid process 
is fixed), the lower costal portion of the pectoralis 
major, and some other muscles of minor importance 
might assist in elevating the ribs ; but it is question- 
able whether they ever do so in such way as to assist 
in inspiration. 

7. The serratus magnus has no action in inspiration ; 
all but its lowest digitation must draw the ribs down- 
wards, if they act on them at all. 

8. The action which the stemo-mastoid is capable 
of exerting in inspiration is by fixing the first rib 
through the medium of the clavicle, and by raising 
the sternum. This is not required in health, but 
may be witnessed occasionally in disease. 

9. Eoopiration, — Ordinary expiration is accomplished 
by the elastic resiliency of the lungs, the tense 
diaphragm resuming its arched form when the muscle 
ceases to contract : the elasticity of the ribs and ab- 
dominal parietes may assist to a limited extent ; after 
a deep inspiration this elasticity has a more important 
share in expiration. The abdominal muscles, which, 
conjointly with the levator ani, are the agents of 
forced expiration, do not act by urging tlife ^\idLQraiYCks\ 
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viscera against the tense diaphragm, which would 
resist the pressure, to the injury of these TiBCsra, 
but against the relaa:i:d diaphragm — relaxed, that is, 
by the abdominal muscles drawing down the lower 
ribsj and thus contracting the circumference of the 
lower part of the chest. 

The intercostal muscles also contribute importantly 
to this result, as the effect of their contraction is 
reversed, by the lower ribs being relatively fixed 
during the action of the abdominal muscles. In this 
vray both the long diameter and circumference of the 
chest are abridged. 

10. The upper and lower costal movements in both 
seses, when entirely unfettered, are equal, in ordinary 
inspiration and in the uncontracted chest. 

The costal movements, both upper and lower, are 
much greater in forced inspiration in the male than in 
the female. 

In both, the lower costal movements are much 
abridged by compression of the abdomen and lower 
part of the chest, while the upper costal movements 
are exaggerated. 

The observed fact that women breathe more by 
the chest than by the abdomen is due to artificial 
compression, and to the altered form of the chest con- 



Distribution offeree applied vertically through 
the skeleton, — It will be useful to look at t!ia 
skeleton as a whole, and consider briefly some of its 
mechanical advantages. It would occupy too much 
space to enter into the mechanism of its various move- 
ments, but it is within the scope of this work to con- 
sider the skeleton in its ordinary erect position, and 
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observe the advantages gained by its peculiar con- 
struction (Fig. 62). 

In standing the weight of the body is supported by 
the longitudinal arch of the foot, whose hinder end is a 
single bone, the os calcis, and whose fore end is 
spread out by the overlying weight so as to bring the 
heads of all the metatarsal bones into play, the first 

Fig. 6a. 




Oklifie 



^biufu* 



Diagram showing how force is broken in the erect 
position by curves, obliquides, and elastic media. 

one being protected by its sesamoid bones. The arch 
is peculiar^ and constructed so as to diffuse the weight 
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(p. 147), aa already explained. The head of the aaf.ra- 
galus is jammed in between the 03 calcis aad the 
scaphoid and rests upon the strong caicaneo- 
scaphoid iig^iiment, upon which it rotates, so as to 
spread the toes. The arch is tied from one end 
to the other by a strong; band, the plantar foscia, 
which stretches immediately under the skin from heel 
to toes, and materially helps to preserve the shape 
of the foot ; tor if this iififament is weakened, as in 
fiai-foot, the arch is destroyed, and the inner side 
of the foot comes down to the ground. 

We must not omit to notice also the other arches in 
the foot, and the obliquity of the joints in the tarsus, 
nor must we lose sight of the protection which the 
thick pad of fat and skin affords to the bony promi- 
nences. It does not matter whether we trace the 
pressure downwards from the vertex, or the equal 
opposing pressure upwards from the ground to the 
vertex, hut it is more convenient ta follow the latter 
plan. We notice nest, after the curves and obli- 
quities of the foot, that the astragalus is wedged 
in between the two malleoli; force is here dis- 
tributed. It is then traceable through the tibia, 
which is seen to be curved with its concavity out- 
wards, and this bow is strengthened by the thin 
tie-rod which the fibula constitutes. Moreover, the 
tibia is spirally twisted, and this spiral adds to its 
strength and elasticity. 

At the knee-joint the surfaces, besides beinjif 
covered, as at the ankle and tarsal joints, by elastic 
cartilage, are further protected from injury by 
washers in the form of two loose semilunar fibro- 
cartilagea. The obliquity of the shaft of the femur 
breaks the force of concussion, and the curved 
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surface, and general bowing" of the bone add to its 
elasticity. Moreover, there is a distinct curve of its 
inner border, which constitutes a hitherto unnoticed 
feature in the mechanism of this bone, and practically 
does aw^ay with the weakness which the obliquity of 
the neck seems to allow. 

Then at the hip-joint the direction of impact is 
doubly oblique, for in addition to that seen in front 
view there is a direction of the neck forwards, which 
insures a further dispersion of shocks. The head of 
the femur fits in a cup which is part of a strong 
obliquely placed ring, and we find, therefore, at this 
part, peculiar provisions against the efiect of vertical 
pressure. The ring giving elasticity and protecting 
the important contents is formed by the thick brim of 
the pelvis, and is completed behind by the promon- 
tory of the sacrum ; and it is placed obliquely at an 
angle of about 50° to the horizontal, so that the 
pressure upwards tends to bring this oblique ring 
nearer the horizontal, and in so doing breaks the 
violence of concussion. Moreover, this ring is a 
jointed one, and each joint still further breaks the 
force of pressure, and a curious and special provision 
is found at the joints between the sacrum and innomi- 
nate to prevent a separation of the parts of this ring 
by the triple wedge-arrangement seen on transverse 
section (p. 170V 

Passing further upwards we notice the obliquity of 
the sacro-lumbar joint, which is an example of the 
inclined plane, and next we notice in the spinal 
column special provisions for the protection of the 
spinal cord and the brain above. These include the 
three curves — lumbar, dorsal, and cervical; the number 
of separate bones, each with a different degree of 
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obliquity trom those above aad below ; and the lai^^^H 
amount of elastic intervertebral substance. ^H 

At the joint between the atlas and skull we find s ^H 
double obliquity together with the cup-joints whicK ^^t 
allow of so great freedom of motion. ^^M 

And lastly, the shape of the vault of the cranium ^1 
protects it from injury, since it is curved in outline 
and, as we shall see, strengthened by groins and 
arches in its interior. Moreover, the middle line of 
the base of the skull is an elastic lever, which gives ^H 
farther protection. ^H 

We must not omit the further mechanical arrange- ^H 
ment which we have noticed in the interual architec- 
ture of each of the bones : a delicate and beauti^ 
arrangement which excites our wonder and admiration 
— chieily on account of its adaptation to the wants of 
each bone and its protecting influence against injury. 

This brief outline of the mechanism of the skeleton 
in the erect position will give some idea of the 
wonderful bony framework on which we are built, ■ 
and will lead us to see, in the otherwise dry and 1 
uninteresting study of Osteology, a subject fiill ofj 
the moat interesting materials. 
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BONES OF THE SKULL. 

. These are usually divided for the convenience of 
description into cranial and facial bones, the former 
consisting of those which enter into the composition 
of the brain-case, and the latter of those which appear 
in the face. The cranial bones are eight in number — 
frontal, two parietal, occipital, sphenoid, two temporal, 
and one ethmoid — ^but in the adult the occipital and 
sphenoid are united. The facial bones are more 
numerous, but smaller ; they are usually reckoned as 
fourteen in number — ^two superior maxillary, two 
palate, two malar, two nasal, two lachrymal, one 
inferior maxillary, one vomer, and two inferior tur- 
binated ; but to these may be added the two sphe- 
noidal turbinated bones, the eight ear bones, and 
lastly the hyoid, as it belongs developmentally to the 
skull. 

In the description of the bones of the skull it will 
be unnecessary to refer to the mechanism of each 
bone separately, as they together form a solid case, 
whose mechanical features are dependent upon the 
union of the whole. 
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CRANIAL BONES. 
FRONTAL.— Plate XV. 

Synonyms : E, Forehead-bone. 0. Das Stimbein. 
Fr, L'os frontale. L, Os frontis. 

Situation, — The frontal occupies the forehead and 
the greater part of the roof of the orbit. 

Shape. — Resembling" a cockle-shell. 

Parts. — ^The portion which constitutes the forehead 
is called the vertical or frontal, that which overlies 
the orbit the horizontal or orbital plate. 

Examining the bone as a single structure, we find 
an outer or fronto-orbital surface, an inner or cere- 
bral surface, and a border. 

Outer surface, — Vertical portion convex, smooth, 
covered by the occipito-frontalis M,^ which wrinkles 
the skin of the forehead transversely, and limited 
below by a sharp edge which overhangs the orbits. 
Going from above downwards, we see 

(1) The frontal ominonco, the most projecting 
portion of the surface, and especially prominent in 
certain individuals in whom the brain is especially 
developed at this spot. 

(2) A slightly raised arched eminence, the supra- 
ciliary ridgo, corresponding with the eyebrows, and 
indicating the position of certain air-spaces in the 
bone called frontal sinuses. 

(3) A central eminence over the same cavities, but 
in the middle line, and called nasal eminence. 

(4) The supra-orbital arch or edge between 
frontal and orbital portion. 

(5) The supra-orbital notch or foramen in the 
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inner third of this arch^ transmitting a nerve and 
vessels of that name to the skin of the forehead. 

(6) The internal angular process or prominent 
angle on the inner side of the orhit for articulation 
with the superior maxilla. 

(?) Nasal spine, the median rough spine to which 
the nasal hones are articulated in the centre of the 

(8) Nasal notohy a triangular gap in the 
bone. 

(9) On the outer extreme of the supra-orbital arch 
is the external angular process for articulation 
with the malar bone^ and running upwards and 
backwards from this is 

(10) The temporal ridge, to which the temporal 
fascia is fixed, and below which the bone is rough for 
the temporal muscle, 

(11) Sometimes in the middle line of the bone is 
seen a suture (frontal suture), indicating the 
original separation of the two halves of the bone, but 
this suture is not commonly present, or it is only 
just indicated above the nasal notch. 

Horizontal portion consists of two orbital plates 
and an intervening notch. The plates are concave, 
especially near the angular processes, and are narrow 
behind but broad in front. , Tracing from the outer 
extreme we find 

(1) External angular process forming the outer 
angle. 

(2) A depression near to the latter (lachrymal 
fossa), for the lachrymal gland. 

(3) A depression near the internal angular process 
(fovea trochlearis), or a small spine for the fibrous 
pulley through which runs the tendon of the superior 
oUique M, of the eye. 



(4) Intemal angular prooesa, forming the inner 
projecting' angle. 

(5) A large cavity running into the nasal emi- 
nence and Gupraciliary ridge (frontal sinua or 
oeU). 

(6) Several shallow imperfect cavities which close 
in the ujiper ethmoidal cells in the natural state, and 
bound the notch between the two orbital plates. 

(7) One or two grooves or canals running obliquely 
between the cells, and forming parta of the anterior 
and posterior ethmoidal foramina, the anterior 
transmitting the nasal nerve, and each carrying 
vessels. 

(8) The etlimoidal notch or gap between the two 
orbital plates. This is sometimes closed iu by a thin 
scale of bone posteriorly. 

Internal or serial gurfaoe. The separation between 
vertical and horizontal portions is not eo distinct as 
externally. On this surface can be distinguished 

(1) Numerous small depressions for the convolu- 
tions of the brain. 

(2) Small depressions irregularly arranged on 
either side of the middle line, for so-called Pacckioniioi 
bodies. They are absent from young and healthy skulls, 
and probably represent the result of slight disease, of 
so many headaches so to speak. 

(3) A median shallow groove, for the superior 
longitudinal sinus, broad above, narrowed to a 
mere line, or to a foramen (the foramen CEeoum) 
beloiv. 

(i) TJio orbital plates, convex and irregularly 
sinuous for the supra-orbital convolutions. 
(5) The ethmoidal notch. 
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The border is curiously arranged for locking in both 
the parietal bones^ for at the highest point the inner 
edge is bevelled ; towards the lower part of the frontal 
portion the outer edge is bevelled ; and at the junction 
of the vertical and horizontal portions the articular 
edge is greatly prolonged on the outer surface, and 
here comes in apposition with the great wing of the 
sphenoid. On the back of the horizontal plate the 
edge is thin and sometimes smooth in the middle 
third of each plate, where it may form the free border 
between the anterior and middle fossse in the base 
of the skull; in such cases the great and lesser 
wings of the sphenoid are widely separated. The 
ethmoidal notch is seen on this border in the middle 
line. 

Articulations, — With 12 bones : 2 being median — 
viz., sphenoid and ethmoid ; 5 in pairs — ^viz., parietal^ 
nasal, superior maxillary, lachrymal, and molar. 

Development, — From 2 centres — the two halves 
sometimes remaining distinct They are first seen 
above the orbit in the 7th week, and generally unite 
in the 2nd year. 

Points of importance : — 

1. Specially marked frontal eminences. 

2. Peculiar hollow air-spaces or frontal sinuses. 
These do not appear until nearly the age of puberty, 
and vary much in different persons. They communi- 
cate with the nostrils and are lined with the same 
mucous membrane, and when inflamed, as in a severe 
influenza cold, are sometimes the seat of much pain. 
Their communication with the nose accounts also for 
the occasional instances of larvae, &c. being blown 
from the nose, and also of air escaping under the skin 
of the forehead. 

p2 
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3. Thin orbital plates or roofs of the orbits. A 
punctured wound of the orbit may be attended with 
perforation of this plate and injury to the brain ; and 
a fracture of the base of the skull through this plate 
is evidenced by bleeding into the orbit, and usually 
above or around the globe of the eye. 
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PARIETAL.— Plate XV. 

Synonyms : E» Synciput, wall-bone. 0, Das Scheitdbein, 
Seitenbein. Fr, Le parietal. Z. Os parietale. 

Situation, — One on each side of the vault, the two 
tog^ether forming a beautiful arch for the protection 
of the brain. 

Shape, — Each is a four-sided plate, hollowed out 
chiefly from above downwards, the thin prominent 
angle being anterior and inferior. 

Parts, — Outer surface, inner surface, four borders, 
and four angles. 

Outer surface convex, smooth in its upper three- 
fourths, where it is covered by the occipito-frontalis, 
marked by a curved line in its lower fourth (tem- 
poral ridge) for the temporal fascia, below which 
the surface forms part of the temporal fossa, and is 
marked by lines converging below : this part gives 
attachment to the temporal M. Near the upper border 
are seen one or two parietal foramina, for small 
veins entering the longitudinal sinus. The most 
prominent point of this surface is called the parietal 
eminence. 

Inner surface smooth, concave, marked by shallow 
depressions for the cerebral convolutions, by numerous 
deep small grooves for the middle meningeal artery y 
which are radiating from the anterior inferior angle, 
by a half-groove along the upper border, which is 
completed when the two parietal bones are articulated 
together, and then lodges the superior longitudinal 
iinus^ by numerous irregular depressions along the 
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side of tbe latter groove, for Paecliionian bodies, and 
by a large rather deep groove for the lateral sinus 
running across the posterior inferior angle. Some- 
timeB tbe inner openings of the parietal foramina are 
seen in tbe groove for tbe superior longitudinal 

Borders. Upper thick, deeply serrated, entering 
into the sagittal or inter -parietal suture, sometimes 
perforated by parietal foramina; it is marked on it3 
inner surface by a groove for the longitudinal sinus. 
Lomcr thin, much bevelled on outer side, entering 
into tbe squamous or temporo -parietal and the spheno- 
parietal sutures. Anterior, bevelled at the expense of 
tbe outer snrface above, of the inner surface below. 
Posterior deeply dentat«d, thick, often presenting 
numerous separate iatersutural bones CWormian, 
ossa triquetra) ; it articulates with tbe occipital and 
mastoid part, of tbe temporal bone, and enters into tbe 



Angles. Anterior superior, nearly a right angle ; 
its anterior border is bevelled at the expense of tbe 
outer surface, and not deeply dentated; its inner 
border is deeply dentated, and marked by Pacchionian 
depressions, and only a slight half-groove. 

Anteii.in' inferior very prominent, acute, thin, marked 
on tbe inner side by grooves for tbe middle meningeal 
artery. 

Posterior inferior -very rounded, thick, marked on 
its inner surface by a groove for tbe lateral sinus, and 
not infrequently possessing an intersutural bone in 
place of tbe angle. 

Posterior superior obtuse, thick, marked on its inner 
surface by a half-groove for the longitudinal sinus 
along its upper edge ; tbe posterior border is very 
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deeply dentated, and possesses often intersutural 
bones. 

Articulations, — ^With 6 bones — viz., the opposite 
parietal, sphenoid, frontal, temporal, and occipital. 

Development. — From a single nucleus; generally 
first seen about the parietal eminence in the 7th or 8th 
week of foetal life. 

Means of distinguishing right from left. — Hold as if in 
your own head with the thick serrated edge towards 
the middle line, the convex surface outwards, and the 
thin squamous edge downwards ; the most acute of 
the lower angles points forwards and to the side to 
which the bone belongs. 

Points of importance : — 

1. Peculiar characters of each angle. 

2. Provision for overlapping in the foetus. 
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Synonyms ; S. Kowle bone. 0. X)u HinterlisBptBbeiii. 
Fr. L'occipituJe. L. Ob ocdpitig. 

Srivatioa. — Tlie occipital occupies the back and part 
of the base of the skull, acd rests upon the upper 
end of the Epiual columa. It forms one hone with 
the sphenoid in the adult, hut is usually separated by 
sawinff through the basilar process which unites 
them. 

Shape. — Irregularly four-sided, forming' a concave 
plate perforated near its anterior angle by a large 
oval hole — the foramen magnum. 

Parts. — Two Burfeces, four borders, and four 
angles. 

Exterior surface convex, marked by (1) a curved 
line, superior curved line, halfway between the 
summit and the large foramen magnum, stretching 
across the bone from one angle to the other, and 
giving attachment to muscles. 

(2) Above this line a smooth convex surface, over 
vrhich the aponeurosis of the occipito-frontalis M. 
Blide.. 

(3) In the middle of the line is a prominent 
tubercle, the exterior ooaipital protuberance, for 
the attachment of the UgaTnmtum nucha, a ligament 
which in most animals is of great strength, to 
support the weight of the head. 

(4) Running from this downwards, to the foramen 
magnum, is a median ridge, the exterior occipital 
crest, also for the Uffaineatiim nucha, 

(5) Halfway between the superior curved line and 
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the foramen magnum is another line, the inferior 
curved line, also for the attachment of muscles. 
It ends at a projection on the border of the bond 
called the jugiilax process. 

(6) The foramen magnum is the large oval hole 
in the bone below^ and transmits the spinal cord and 
its membranes^ spinal accessory nerve^ vertebral 
arteries, and a large plexus of veins. 

(7) On each side of the anterior half of the foramen 
are the condyles, which are oval, convex, articular 
processes, with their long axes converging anteriorly, 
so that if produced they would meet about an inch in 
front of the foramen magnum. 

(8) A depression behind each condyle, with some- 
times a foramen (posterior condyloid foramen) for 
a vein passing into the lateral sinus. 

(9) A large foramen in front of each condyle (an- 
terior condyloid foramen), for the hypoglossal or 
ninth cranial nerve to pass out of the cranium. 

(10) Outside each condyle is a rough surfiice for 
the Eectus lateralis if., on an irregular projection, the 
jugular process. 

(11) The basilar process is the continuation of 
the bone forward into the sphenoid, and on it is seen 

(12) A small tubercle, the pharyngeal spine, in 
the middle line for the attachment of the aponeurosis 
of the superior constrictor M, of the pharynx. 

The inner surface is concave and presents 

(1) A large groove for the superior longitudinal sinus , 
running from the summit to 

(2) The interior occipital protuberance, which 
corresponds with the exterior protuberance, and is 
one of the strongest parts of the bone. 

(3) Bunning across the bone from this central 



point are two deep grooves for the lateral skiuses, 
one oa each eide to about the external angles, tlte 
right groove being usually the larger, and more 
directly continuoua with that for the superior longi- 
tudinal sinus. The three grooves meet on -the right 
Bide of tlie protuberance, where a kind of vortex is 
produced in the venous sinuses (Torculai Hero- 
phili).* 

(4) A median ridge running downwards to the 
foramen magnum and called the interior occipital 
crest. It gives attachment to the fale minor, a fold 
of dura mater slightly separating the two halves of 
the cerebellum, and is sometimes g;rooved on one or 
both sides for the occipital sinuses. 

(5) The foramen magnum with (6) the inner 
opening of the anterior condyloid foramina in the 
edge of the foramen, 

(7) The basilar process with the basilar groove in 
the middle line, on which lies the medulla oblniu/ata. 

(8) On the edge f th p s is a half-groove 
iat t)ia inferior petr al ntM t a able backwards to 

(9) A deep gr f th lateral sinus which 
runs over a project ag p ti n f the edge, called the 
jugular process; in th po t n is also seen the 
inner opening of the p te ndyloid foramen. 

Bor^s. — The two sides are alike, and are divided 
into an upper and lower part by the external angle. 
The upper is deeply serrated ; the lower is irregular 
but not serrated, and about midway along it is the 
projecting jugular prooesa, over which the groove 
for the lateral sinus passes, forming a depression in 
the border in iront of it called the jugular fossa. 

* Named after HeropMlnB, an anatomist of the dajB of 
Ptolemy Soter, 323-285 B.C. 
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This fossa is converted into a foramen (called the 
jugular foramen or posterior lacerated foramen) by 
the temporal bone and transmits the jugular vein and 
the eighth pair of nerves. A spicule of bone in 
the front of this notch sometimes produces a second or 
even a third foramen when the bones are articulated^ 
and the latter two transmit the portions of the eighth 
pair of nerves : the pneumogastrio and spinal accessory 
in the posterior^ the ghsso-pTuiryngeal alone in the 
anterior or inner foramen. Along this border is seen 
the half-groove for the inferior petrosal sinus. 

Angles, — Upper angle or summit pointed, forming 
the apex of the lambdoidal suture. Lower formed by 
the basilar process. Outer obtuse, fitting in between 
the mastoid and parietal. 

Articulations, — With six bones : Sphenoid, atlas, two 
temporal and two parietal 

Development, — From four centres, each seen about 
the 7th or 8th week of foetal life. They are for the 
basilar portion, the two condyles, and the tabular or 
ascending portion, in which, however, sometimes four 
nuclei are found. Occasionally separate centres are 
seen in the upper angle and each lateral angle. 

Points of importance : — 

1. Peculiar shape, fusion with the sphenoid into 
one bone. 

2. Perforated by foramen magnum, and marked by 
protuberances, curved lines, and crests, which nearly 
correspond on the exterior and interior. 

3. It is the only bone which articulates with the 
spinal column. 

4. Extreme thinness of the bone in the fossae. 
Extreme thickness of the margin of the foramen 
magnum and basilar process. 
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As the head is supported at the condyles, it follows 
that a heavy blow on the top of the head, or a fall 
on the feet from a height, tends to drive the condyles 
into the brain. This is provided against by the 
strength of the occipital and sphenoid bones along 
certain lines (vide p. 264 and Figs. 64, 65), so that 
fracture of the base less commonly involves this bone 
than any other of the basal bones. 
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SPHENOID.— Plate XVI. 

Synonyms : E, Wedge-bone. 0. Das Wespenbein, Eeflbein. 
Fr, Le sph^noXde. L, Os sphenoidale. 

Situation. — ^Fitted in as a wedge in the middle of 
the base of the skull, and constituting nearly the 
whole of the middle fossa ; articulating with all the 
other cranial bones, and fiised into one bone with the 
occipital in the adult. 

Shape. — Somewhat resembling a bat with its wings 
spread. The lateral expansions are called the great 
wings, and spring from the central part or body, 
while two double legs or pterygoid processes descend 
from the junction of the great wings and body. 

Parts. — The central part or body ^s continued 
backwards into the basilar process, while from its 
front two small wings stretch outwards, one on each 
side. The great wings are the large lateral expan- 
sions, and the pterygoid processes project downwards. 

The shape of the bone being so irregular, it is often 
examined in its separate parts, but these have no 
well-defined limit. It is therefore better to take the 
bone as a whole and examine six surfaces. 

Upper surface. In or near the middle line from 
before backwards are seen on the body and lesser 
wings of the sphenoid : — 

(1) A projecting process, the ethmoidal spine, 
which fits into the back of the ethmoid bone. 

(2) A ridge running backwards from this and con- 
tinuous with that on the ethmoid. 

(3) A groove on either side of this ridge, olflEU)tory 
groove, for the olfactory lobe of the brain. 
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(i) Further outwiirds the plane upper surface of 
the lesser wings termiaatinp; posteriorly in 

(5) The anterior clinoid prooeases to which 
the dura mater is attached : these processes lie 
behind 

(C) The optic foramen, a circular hole passing 
through the roots of the lesser wing;, and transmitting 
the optic nerve and ophthalmic art«ry into the orhit. 
From the foramen there can be traced 

(7) The optic groove running towards the middle 
line, in which position is 

(8) An eminence, olivary eminence, shaped 
somewhat like a small olive, and upon which the 
optic commissure lies. Behind this is 

(9) The sella turcica, or pituitary fossa, a deep 
cavitj', shaped like a Turkish saddle, and lodging the 
pituitary body ; it is bounded behind by 

(10) The posterior olinoid prooeases, two pro- 
jecting processes which also give attachment to tlie 
dura mater. 

(11) There is usually a small tubercle near the 
front part of the fossa, middle clinoid process, and 
not inirequeatly a process of bone runs Irom the 
anterior to the middle process thereby surrounding 
the carotid artery. 

(13) On each side of the body is a well-marked 
groove for the cavernous sinvs, traceable forwards to 
the postei'ior root of the lesser wing where it divides, 
indicating the course of the carotid artery upwards 
and of the ophthalmic vein backwards from the 
sphenoidal fissure ; it is traceable backwards to a de- 
pression on the posterior border of the bone. 

(13) The basilar process is the continuation of 
the bone backwards, and is marked by 
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(14) A shallow groove on each side for the inferior 
petrosal sinus, continuous with that for the cavernous 
sinus. Between the lesser and great wings we notice 

(15) A large triangular aperture^ sphenoidal 
^stLre, or anterior lacerated foramen, generally 
closed above at the outer angle by the frontal bone, 
and transmitting the Srd, 4dh, \st division of the bth and 
the &th nerves, together with the large ophthalmic vein. 

The great wing itself is noticed to be concave and 
marked by 

(16) The foramen rotundum behind and external 
to the sphenoidal fissure, running directly forwards iQ 
the bodies and transmitting the superior maxillary, or 
2nd division of the bth nerve. Behind and external 
to this again is 

(1?) The fbramen ovale, a large hole running downr 
wards in the bone and transmitting the z»/m<?r7Wflw?iZtory, 
or Srd division of the 6th nerve, together with the small 
meningeal artery. Behind and external to this again is 

(18) The foramen spinosum^ a small foramen 
transmitting the great Tneningeal artery and running 
perpendicularly through 

(19) The spinous process of the sphenoid^ which 
is the posterior projection of the bone. 

(20) On the inner side of the foramen rotundum is 
a small opening, foramen Vesalii, for a small vein, 
and named after Vesalius, a great anatomist, who 
deserved a better tribute to his memory. 

Under surface limited by the temporo-zygomatic ridge 
on each side, and therefore including part of the great 
wing, pterygoid processes, and the body of the bone. 
Going from before backwards we notice — 

(1) A projecting plate, the rostrum, which fits 
into the hollow of the vomer 
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(2) A cleft or groove for tbe alse of the vomer, 
overlwd. by 

(3) The projecting edo;e of the root of the internal 
pterygoid plate named the vaginal process. 

(4) Another (p'oove or canal, pterygo- palatine, 
further on the internal pterygoid plate, and trans- 
mitting vessels and nerves of the eame name. 

(5) The two pterygoid plates with the pterygoid 
fissure between them. 

(Ji) The basilar process. 

(7) On the under surface of the great wiog is seen 
the opening of the foramen ovale and 

(8) Foramen spinosum, with 

(9) The spinous process projecting often con- 
siderably downwards for the internal lateral liffaKt-Hl 
of the jaw, and lemor palati M. 

(10) Temporo-Kygomatio ridge separating the lower 
from the outer suriace of the great wing, and indi- 
cating the separation between the temporal and extaitai 
pterygind M»., which occupy the temporal and zygo- 
matic foBBEB respectively. 

Anterior surface is smaller than the upper, and 
occupies chiefly the back of the orbit. It presents 

(1) A median projecting plate which fits into the 
back of the ethmoid, and on each side of this 

(2) The hollow cavity of the body, sphenoidAl 
cells or ainuBes, which are partially closed in by small 
curved bones called sphenoidal turbinated bones. 

(3) The leeaer wings spreading over 

(4) The sphenoidal flaeure, and enoloaing 

(5) The optie foramen between the two roots. 
Around the margin of this foramen on this aspect are 
attached the muscles going to the globe of the eye 
(4 recti superior Mupte, levator palpcbrif). 
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(6) The anterior opening of the foramen ro- 
tundum. 

(7) A smaller foramen (vidian) below, and internal 
to foramen rotundum, and immediately above the 
internal pterygoid plate. It gives passage to the 
vidian nervCy and 

(8) The front surface of the great wing, orbital 
plate, a four- sided plate ; articular along two borders, 
the upper for the frontal, the anterior for the malar 
bone ; non-articular along two borders, the posterior 
forming a boundary to the sphenoidal fissure, the 
lower to the spheno-maxillary fissure j the plate is 
perforated by 

(9) A few foramina (external orbitar foramina) 
for vessels. 

(10) The pterygoid processes separated below by a 
cleft in which the palate bone fits. 

Posterior surface. This includes the cut surface of 
the basilar process, and the pterygoid processes, 
together with the posterior border of the great wing. 
Besides 

(1) The basilar process, and 

(2) Posterior border of great wing, we notice 

(3) A foramen above the internal pterygoid plate 
(vidian foramen). 

(4) The external pterygoid plate, broader than 
the internal, everted below, giving attachment to the 
external pterygoid M, on its outer surface (and very 
slightly to the internal pterygoid also), and to the 
internal pterygoid M, on its inner surface. 

(5) A notch between the two plates (pterygoid 
notoh), filled up in the articulated skull by the palate 
bone. 

Q 
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(6) The internal pterygoid plate giving attacn- 
ment in the lower tUird of its posterior margin to 
the sujxrior coitntiiclor M. of the pharynx, aad 
undtng in 

(7) The hamiilar proce&B, ct little hook round 
which the tendon of the drcvniflexus or tensor palati 
M. runs. The upper third of this plate is hollowed 
out to form 

(1?) The scaphoid fOBsa, in which the eircumflcxw 

The oatfT mrfofe consists of two parts separated by 
the under surface of the great wing. The upper part 
tliercfore belongs to the great wing, and is limited 
by the tempore -zygomatic ridge, and gives attach- 
ment to the temporiil M. ; the lower part helonga to 
the outer pterygoid plate, and attaches the t-ajtertml 
pterygoid M., but a small portion at the Up is marked 
off for the internal pterygoid M. 

Articuiatiaiu. — With 12 bones: 4 being median — 
viz., ethmoid, frontal, occipital, and vomer ; and A in 
pairs — viz., temporal, imrietal, malar, palate. 

JDevelojrr/ient. — From 10 centres — one lor each great 
wing and external pterygoid plate, appearing about 
the 8th week ; two for the hack part of the body, about 
the same time ; one for each internal pterygoid plate, 
about the 4th month; two for the anterior part of the 
body with the lesser wings, about the Sth op 9th 
week; one for each spongy bone about birth. Tlie 
centres for the posterior part of the body unite in the 
4th month, those for the ptery[j;oid processes a little 
later, the anterior and posterior parts of the body 
about The Sth month, the body and great wings in 
the first year, and the sphenoidal spongy bones unite 
with tile body usually about puberty. 
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Points of importance : — 

1. Peculiar bat-like shape. 

2. It articulates with all the cranial bones^ and is 
wedged in between them. 

8. It appears in both the anterior and middle fossa 
of the base, and in the orbital, temporal, zygomatic, 
spheno-maxillary, and pterygoid fossae exteriorly. 

It must be noticed that the sella turcica lies over 
the back of the fauces (Plate XXIII.), and that when 
fracture has taken place in the middle fossa across the 
sella — and this is the course which fractures of the 
base rather frequently follow — there will be escape 
of blood into the throat and mouth ; part will probably 
be swallowed and afterwards vomited. It is evident 
therefore that after an injury to the head, bleeding 
from the mouth and nose and vomiting of blood are 
very serious symptoms, and may indicate fracture of 
the base of the skull. If the tongue be bitten the 
bleeding may arise from that source, but in such a 
case the tongue can usually be seen to have been 
lacerated. . 
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TEMPORAL.— Plate XVII. 

Synonyms : E. Temple bone. 0. Das Schlafenbein.. 
Fr, L'os temporal. L, Os temporum. 

Situation, — ^At each side of the skull, running int 
the base, where it forms a strong buttress. Its posi 
tion varies slightly according to age, but in the adul 
skull the solid pyramidal part (petrous portion 
projects forwards and inwards, the thin portio 
(squamous) vertically upwards, and the hooked pre 
cess (zygoma) horizontally forwards. 

Parts, — Certain parts are usually distinguishec 
They are : — 

(a) The squamous or thin vertical portion, limite 
on its outer surface below by a line, the tempore 
ridge, and by the zygoma, which process belong 
developmentally to the squamous portion. 

(b) The petrous, or strong pyramidal proces 
which projects inwards and forwards in the base ( 
the skull. ' It is not very accurately limited, and 
portion of it is called the mastoid. 

(c) The mastoid, because it forms a nipple- lilj 
process behind the ear. It is, however, only the has 
of the petrous portion, and is developed from th 
same centre of ossification. 

Each of these parts* can be examined separately 
but it will be better to take the bone as a whole, an 
examine three surfaces, outer, inner, and under, an 
its one border, the upper, since the under border : 
broad enough to constitute a surface. 

* It will sometimes be convenient to call these portioi 
flgnamosal and petrosal bones, the latter including the mastoid 
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Outer surface. The Squamous portion is well defined 
by margin of bone above, by a horizontal line above the 
mastoid process (part of the Temporal Ridge), and by 
the base of the zygoma, or curved thin process which 
projects forwards about an inch from the bone. The 
surface is smooth (for temporal M.), and sometimes 
marked by small grooves by the deep temporal artery. 

The zygoma is directed at first outwards, then is 
twisted on its own axis and directed forwards ; its 
upper edge is sharp, and attaches the temporal 
fascia; its lower edge thicker, arched, and gives 
attachment to the masseter M, ; outer surface convex, 
subcutaneous, inner surface concave, also for the 
masseter M, ; extremity rough, bevelled at the 
expense of the lower edge, and articulates with the 
malar bone. Its connexion with the rest of the 
squamous portion is by three roots, (a) the anterior 
running directly inwards from a prominent tubercle 
(to which is attached the external lateral ligament)^ 
and forming a ridge (the articular eminence) in 
front of the articular cavity for the lower jaw; its 
posterior running backwards and dividing, the 
middle root (p) forming the anterior boundary to the 
external auditory meatus as far as a fissure (the 
Glasserian), and the posterior (c) continuing directly 
backwards above the meatus, and becoming the 
temporal ridge. 

Mastoid portion rough, convex, gives attachment to 
three muscles, stemo-mastoid, splenius capitis^ and 
transversalis capitis (otherwise called the trachelo-mMS- 
toid) ; perforated towards the posterior border by a 
foramen (the mastoid foramen) for a vein. The 
mastoid portion lies altogether behind the external 
auditory meatus, and its projecting process is called 



the maatoid procesB. It is separsited frutn the 
meatus by a fissure (the aurioular flasure). 

Petrous pcrtim, only seen below and slightly in 
front of the external auditory meatus. 

Inner surface. Squamous ptntion marked by de- 
pressions for the convolutions of the cerebrum, and by 
small grooves for the middle meningeal artery, which 
start from the angle of junction between the squamous 
and petrous portions in front. Tiie articulating free 
edge of the bone is thin, owing to the greater part of 
the squamous or tempore -parietal suture involving 
this edge, and encroaching on its inner surface. The 
limit between squamous and petrous portions is not 
well defined. 

Pctrmta portion projects inwards and forwards, and 
presents an upper (or anterior) and a posterior sur- 
face. On the upper are seen — 

(a) Near the tip a shallow depression for the Cas- 
serian ganglion. 

ip) A groove leading to a foramen (Hiatus 
Fallopii) for tlie great svperfidal petrosal nerve. 

{e) Sometimes a small groove and foramen outside 
this for the imsll superficial petrosal nerve, but this 
at other times is replaced by a small foramen only, in 
the anterior border of the bone. 

(d) A deficiency over a large canal {carotid canal) 
seen in the anterior lorder. 

(e) An eminence indicating the position of the 
superior semicircular canal in the substance of the boue. 

On the posterior surface are seen — 

(fl) Along the edge between the upper and posterior 
surfeees a groove for the siipei-ior petrosal sinus, ending 
in the deep groove for the lateral sinus on the mastoid 
porlioa. 
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(b) A half groove running downwards by the tip, 
for the inferiar petrosal sinus. 

(c) A large foramen (the internal auditory 
meatus), at the bottom of which can be seen a 
single large hole above for the facial nerve, and several 
small holes below for the auditory nerve, 

(d) A cleft above and behind the internal auditory 
meatus for a process of dura mater. 

{e) Another cleft behind and towards the lower 
edge for a vein in the aqueduetus vestibuli. 

Mastoid portion deeply grooved by the lateral sinus 
along the line of junction with petrous and squamous 
portions, and in this groove the inner opening of the 
mastoid foramen is usually visible. 

Under Surface irregular. Belonging to the 
squamxms portion are — 

{a) Lower edge of zygoma. 

{b) Tubercle of zygoma. 

{c) Anterior root forming the eminentia articu- 
laris. 

{d) Behind this a deep smooth cavity (the 
glenoid cavity) for the condyle of the lower jaw, 
bounded behind by 

{e) A fissure (the Glasserian), in which lies the 
processus gracilis of the malleus and a muscle 
(laxator tt/mpani). 

Petrous portion presents immediately behind the 
Glasserian fissure 

(a) A smooth plate of bone, which forms the 
anterior wall of the external auditory meatus, and 
against which lies the pl^rotid gland. 

(b) Sometimes a small foramen (iter chordse 
anterius) close by the Glasserian fissure transmitting 
the chorda tympani nerve. 



233 TEMPORAL. ^^^1 

(r) 'file prominent free edge of the plate is lioiilile 
(vagtaal process), and encloses 

(rf) The styloid procesB, a tliin pointed process, 
sometimes articulated at its base and oft€n broken is 
specimens, projecting' downwards and forwards; it 
pives attflcliment to three muscles — stylo-pharyn^em, 
ityla-hyoid, atylo-gloams ; and two ligaments — styUi- 
hyoid and gtylo-masillari/. 

(r) A foramen (stylo- mastoid foramen) is found 
in the depreesinn between the sljloid and mastoid 
processes and transmits the lacial nerve and an 
artery. 

(_/) A roug;h surface for articnlation with the 
jugular process of the occipital hone. Continuing 
inwards we find 

(ff) A smooth groove {jugular fossa) which helps 
to form the jngTilar foramen at the base of the skull 
and lodges the vein of that name. 

(ft) Sometimes a small foramen for Arnold's nerve 
(auricular of pneiimogastric) in the jugular fossa, 

[i) A large forameo (oiurotid foramen) antarior 
and internal to the jugular fossa, leading to a large 
canal in the bone and lodging the carotid artery. 

{k) A small foramen in the plate between the 
jugular fossa and carotid foramen for Jaoobson'a nerve 
{tympanic of glosso-pharyngeal). 

(I) A triangular depression leading to a foramen 
near the posterior border for a vein in the aqueductus 
cochleiB. 

(m.) A rough four-sided surfece, forming the nnder 
part of the tip and giving attachment in front to two 
muscles — temsirr tympani and Icralor palati. 

(n) At the extreme tip the anterior opening of the 
carotid canal. 
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On the mastoid portion are seen — 

(1) The auricular fissure. 

(2) The tip of the mastoid process. 

(8) A deep groove internal to the process and 
called the digastric groove for the digastric M, 

(4) A narrow groove (occipital groove) internal 
to this for the occipital artery. 

On the border extending from the tip of the petrous 
bone to the front of the squamous portion we 
notice — 

(1) The anterior opening of the carotid canal. 

(2) A large canal, the lower part of which is for 
the Eustachian tube to allow of air passing into the 
tympanum. Above this 

(3) A smaller canal for a muscle (the tensor tympani) 
and 

(4) A plate of bone between them called the pro- 
cessus cochleariformis. 

The border now belongs to the squamous portion, 
and is at first rough for articulation with the 
sphenoid, then thin and bevelled on its inner surface 
to form the squamous suture. This is traceable 
backwards to the mastoid portion, where it again 
becomes rough and deeply indented, and sometimes 
presents the separate inter-sutural bones (wormian 
bones), seen more frequently in the occipito-parietal 
suture. 

Articulations, — ^With 5 bones — malar, sphenoid, 
parietal, occipital, and lower jaw. 

Development, — From 4 centres. Found in (a) 
squamous portion in the 7th or 8th week of foetal 
life — this centre extends into the zygomatic process ; 
(b) petro-mastoid in the fourth month, first seen over 
the cochlea in the front of the bone, with sometimes 
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iclei for the Bemicireular canals ; (c) tym- 
panic ring in the Srd month, extending aftenvards to 
form the lower and front wall of the oxternal auditory 
meatus ; {d) st^'loid process in the 4th month. The 
different parts unite in the first year. 

The ossicles are developed from separate centres in 
the 4th month. 

Means of distingvisking right from left. — Hold as if in 
your own head, with the thin Bquamous edge upwards 
and tlie petrous portion directed forwards and inwards; 
the outer surfiice with the zyg'oma looks to the side 
to which the bone helongs. 

Points of impnrtanee : — 

1. Locked into the side of the skul!, the petrous 
bone forming a specially strong buttress. 

2. Containing the organ of hearing, and perforated 
by the carotid artery and facial nerve. 

3. The petrous bone is generally broken through 
in fracture of the base of the skull, and consequently 
blood and cerebro- spinal fluid generally escape from 
the ear in such an accident. 

4. Peculiar ring of the tympanic bone. 

The interior of this bone will be examined separately, 
and the ossicles or small bones which lie in the tym- 
panum considered at the same time. 
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ETHMOID.— Plate XVII. 

Synonyms : E, Sieve bone, spongy bone. 0, Das Siebbein. 
F, L'os ethmoide. L, Os cribrom. 

Sittuition, — ^The ethmoid occupies the cleft in the 
frontal bone between the two orbits, and fonns the 
upper part of the nasal cavity. 

Shape. — It is a cubical mass, very porous and 
honey-combed. 

Parts. — It consists of a horizontal plate which 
occupies the hase of the skull, a vertical plate which 
forms part of the septum of the nose, and two lateral 
masses of cells or cavities, suspended from a thin 
plate, which forms part of the inner wall of the orbit. 

TaJdng the bone as a whole we find it resembles a 
cube in having six sides — upper, lower, two lateral, 
anterior and posterior. 

Upper surface. — In the middle line is a projecting 
process (crista galli) continued backwards into a 
median ridge for the attachment of the falx majar, and 
bounded in front by a foramen (foramen ceecum) 
for a vein. On either side is a groove (olfactory 
groove) perforated by numerous foramina for the 
olfactory nerves ; the foramina are in three sets, the 
outer large for nerves going to the lateral masses, 
the inner also rather large for nerves going to the 
septum, the middle small for those going to the roof. 
By the side of the crista galli is a slit for the nasal 
nerve. Outside these foramina which occupy the 
horizontal plate are seen numerous large cavities, 
which are closed in by the frontal bone ; these are 
some of the ethmoidal cells, and are filled with air. 
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Two chRnnek are seen ruiiHine; oblinuely acrost 
them, and are the anterior and posterior etbmoida] 
canals, the anterior being the larger and transmitting 
the nasal nerve. 

Lowei' siirfaee. In the middle is seen the vertica] 
plate, on each side the lateral masses, the middle 
turbinated bones being' prominent. 

Lateral mrfaces. Above is a smooth quadrilateral 
surface, the oa planum or orbital plate, which 
forms the inner wall of the orbit, and presents two 
notches or foramina above (the ethmoidal foramina). 
Below, the middle turbinated is suspended, and a 
hooked process (unciform process) is curved out- 
wards for articulation with the inferior turbinated 
bone. 

Aiitenar siirjace. Above is the front of the crista 
galli, and running down from this the edge of tJif 
vertical plat« for articulation with the nasal bones. 
The lateral masses are again seen on each side, verj 
much hollowed out and open. 

Posterior surface. In the middle is the thin edg( 
of the vertical plat« for articulation with the rostrun: 
of the sphenoid. On either side the lateral massei 
are seen to he arranged in a double tier, athin curvet 
plate above (auperior turbinated, bone) overlying ( 
space, the superior meatua of the noae, helo« 
which another curved plate, the middle turbinated 
bone, overlies a second space, the middle meatus. 

If a section be made on one side of the vertica 
plate the arrangement of the cells or cavities is seen 
(Compare Plate XXIII.) The superior turhinate( 
hone is placed rather posteriorly, and the meatui 
receives the opening of the posterior ethmoidal cells 
the middle meatus receives the opening of the an 
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terior ethmoidal cells, together with a fiinnel-shaped 
canal; the infiiiidibiilum; from the frontal sinuses. 
Each of the turbinated bones is curved with the con- 
vexity inwards towards the septum. 

Articulations. — With 15 bones, 3 being median — viz., 
frontal, sphenoid, and vomer, and 6 being on either 
side — viz., sphenoidal turbinated, nasal, superior 
maxillary, lachrymal, palate, and inferior turbinated. 

Development. — From 3 centres, one for each lateral 
mass, commencing in the orbital plate in the 4th or 
5th month, one for the vertical plate in the 1st year, 
spreading into the cribriform plate. The parts 
coalesce about the 5th or 6th year. 

Points of importance : — 

1. Its peculiar porous character. 

2. The lateral masses suspended from the orbital 
plate appear in the nasal fossae, and constitute 
together with the vertical plate of the bone the region 
in which the organ of smell is situated. 

3. The cells arranged in two sets, the anterior 
opening with the infiiridibulum into the middle 
meatus, the posterior into the upper meatus of the 
nose. 



FACIAL BONES. ^H 

E MAXILLA.— Plate XVIII^B 
Upper jnwbona 0. Daa Oberkieferbaii^^Q 



SITPERIOR MAXILLA.— Plate 



Sittioiion. — It ibrms the greater part of the face 
between the orbit and the mouth. 

Shape. — A hollow Begment of a cylinder, with 
flattened and rough projections, tlie curved border of 
the cylinder hearing teeth. 

Parts. — The hollow part is called the body, the 
border containing: the sockets for the teeth the 
alveolar border, the horizontal plate running- inwards 
to form the roof of the mouth the palatine process, 
that running upwards by the side of the nose the 
nasal process, the rough projection on the outer side 
the malar process. 

Taking the bone as a whole it presents an outer 
and an inner surface. The outline has an anterior 
and a posterior border. 

Outir snrfaee limited below by the teeth, above by 
the inner edge of a nearly horizontal orbital plate. 
It presents three different surfaces, the facial, the 
orbital, and the zygomatic, owing to the projection of 
a rough process, the malar process. On the faoud 
portion are seen as the bone is examined from above 

(1) The triangular thin, but strong process 
(nasal process) projecting upwards for articulation 
with the frontal and naeal bones , this is marked by 

(2) A ridge, whuh separates the facial from the 
orbital surfaces of the process and gives attachment 
to muscles. 
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(3) Below the inner extremity of the rough articular 
surface for the malar bone is the infrsrorbital fora- 
men, a large opening for the nerve and artery of the 
same name, and occupying the upper limit of a depres- 
sion in the surface called 

(4) The canine fossa, which lies above the bi- 
cuspids rather than the canine tooth. 

(5) A shallow depression, mjrrtiform or incisor 
fossa, .above the incisor teeth, giving attachment to a 
muscle, the levator anguli oris. 

(6) The alveolar border, occupied by the alveoli 
for the teeth. 

On the zygomatic portion the surface is convex, and 
there are seen 

(7) Several canals (posterior dental canals), and 

(8) The rounded posterior edge (tuberosity), in 
which the last or wisdom tooth lies. 

The orUtal surface is smooth and horizontal, and 
shows 

(9) A groove (infra-orbital groove) for the vessels 
and nerves of that name, and 

(10) A deficiency behind the nasal process, which 
is the upper opening of the lachrymal groove, in 
which the lachrymal sac lies. 

(11) The malar process which separates the three 
surfaces is prominent and rough for articulation with 
the malar bone. 

Inner surface. Is divided into an upper and a 
lower part by the horizontal palatine process which 
projects inwards. Traced from above downwards we 
notice 

(1) The inner surface of the nasal process, marked 

by 

(2) A transverse ridge near the top for the middle 
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turbinated bone, below which the sur&ce is conca^ 
fonning part of the middle meatus. Below this is 

(3) Another ridge for the inferior turbinated boi 
and another concave surface below forming the inferi 
meatus of the nose^ which extends on to the palati 
process. 

(4) The body is hollowed out by the maxilla: 
sinus, or antrum of Highmore, which is complet 
and closed in by the palate, ethmoid, lachrymal a: 
inferior turbinated bones, but it communicates wi 
the nasal cavity in the middle meatus. 

Not infrequently the fangs of the teeth proje 
into the antrum, generally the 1st bicuspid, but tl 
cavity is easily opened by puncturing through tl 
incisor fossa. 

(5) The palatine process runs directly inwards i 
a horizontal plate, smooth above, uneven below, ai 
grooved towards the alveolar border for the posteri 
palatine nervCy articulating with the palate boi 
along its posterior edge and with the opposite maxi 
lary bone by 

(6) A raised rough edge (the crest) which 
pointed in front, and forms 

(7) The anterior nasal spine, and gives attacli 
ment along its whole length to the septum of the nosi 

(8) On putting the bones of opposite sides togethc 
a foramen is left behind the incisor teeth, called th 
anterior palatine foramen, which transmits vessel 
and nerves of that name, and is curiously constructec 
the foramen being really compounded of four canals- 
the two side ones for the vessels, the front one fo 
the lefD nerve, the back one for the right nerve. 

(9) Below the palatine process is seen the alveola 
border. 
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Anterior border. A large notch forms the outer 
limit of the anterior nares^ or bony opening of the 
nasal cavity^ and the anterior nasal spine projects 
forwards from the union of the two bones of opposite 
sides. 

Posterior Border. Commencing behind the nasal 
process we find the lachrymal groove, then the 
margin of the orbital plate, then a rough edge 
behind the body for the palate bone, a prominent 
tuberosity, and a sharp edge behind the palatine 
process. 

Articulations, — ^With 9 bones — frontal, ethmoid, 
vomer, two nasal, two malar, two lachrymal, and two 
inferior turbinated. 

Development, — Probably from four centres, about 
the 6th or 7th week, one for the nasal process and 
facial portion, one for the orbital and malar part, one 
for the palatine process, and one for the incisor por- 
tion. The latter forms in all mammals except man a 
separate bone (the inter- or prae-maxillary bone) and 
forms in many cases of hare-lip or congenital fissure 
a projecting snout suspended from the vomer, produc- 
ing great deformity. 

Means of distinguishing right from left. — Hold as if 
in your own face, with the pointed nasal process up- 
wards, the alveolar edge downwards, and the nasal 
notch and incisor teeth forwards ; the convex surface 
with its projecting malar process look outwards — i,e., 
point to the side to which the bone belongs. 

Points of importance : — 

1. The body is hollowed out by the antrum which 
opens into the middle meatus, but the orifice may be 
closed, and then fluid collects in and distends the 
antrum, and must be let out. This may \q done by 

R 
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I removing a tooth— generaUy the first bicuspid— 

''\ bj pimoturing through the canine fossa. 

'^ 2. This bone is very liable to disease^ both by ei 

:| tension firom diseased teeth and by new growth 

Tumours sometimes fill and distend the antrum^ ai 
not infrequently grow from the periosteum of tl 
alveolar border. 
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PALATE.— Plate XVIIL 

Synonyms : G. Das Gaumenbein. Fr, L'os palatin. 

L, Os palatinum. 

Mtuation, — ^At the back of the nasal fossae^ between 
the superior maxilla and the pterygoid processes. 

Shape, — ^Like the letter L. 

Farts. — ^It consists of a vertical plate surmounted 
by two processes, and an intervening notch. A hori- 
zontal plate forms the back of the hard palate. 

Examining the bone as a whole, it is to be looked 
at in the following aspects : outer, inner, under, an- 
terior, and posterior. 

Outer aspect. Commencing above we notice two 
thin angular processes separated by a noteh or 
foramen. 

(1) The larger or orbital process is anterior, is 
four-sided, and marked off into three sur&ces on this 
aspect — anterior or orbital, small, triangular 5 posterior 
or zygoTTuitic larger, four-sided, seen in the zygomatic 
fossa; ir^erior or maxillary y small, continuous with 
the outer surface of rest of plate, and articulating 
with the superior maxillary bone. 

(2) The smaller or sphenoidal process is posterior 
and internal, triangular, marked by a vertical ridge 
so as to leave a small grooved sur&ce {zygomatic) in 
front, which appears in the zygomatic fossa, and a 
larger rough surface {pterygoid) behind for articulation 
with those processes, and lastly, a small, nearly hori- 
zontal surface above, the sphenoid, for articulation with 
the sphenoid bone. 

r2 
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(3) The apheno-palattae notch or fop 

tween these two processea, transmitting the u 
and vessels of the same name. 

(4) The tuberosity projects backwards at 
lower an^le of this surface, and fits between 
tuberosity of the superior maxilla and the este 
pterygoid plate, a small grooved surface being in 
zygomatic fossa, and giving attachment to the inti 
pterygoid M. 

Inner aspect. This shows both the horizontal 
vertical plates. Tracing from above downwards 
notice on 

(1) The orbital process, a large hollow four-s 
surface, the sphenoidal, for articidation with the I 
of the sphenoid, limited below by 

(2) A rough crest (middle turbinated crest 
the middle turbinated bone. A continuation of 
ridge also limits the lower edge of 

(3) The sphenoidal process, on Vfhicb i 
grooved surface, the nasal, lot the upper meatu 
the nose. 

(4) Below the middle turbinated crest the am 
is grooved for the middle meatus, and lower dov 
marked by a second ridge, the inferior turbinj 
crest, for the inferior turbinated bone, and below 
is another grooved surface for the inferior mei 
continuous with the upper surface of 

(3) The horizontal plate, which articulates 
its fellow of the opposite side by means i 
prominent 

(C) Crest, which terminates behind in 

(7) The posterior nasal spine. 

(8) The inner side of the tuberosity is also i 
but is not prominent in this direction. 
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Under aspect includes (1) horlEontal plate, and (2) 
nberoaity, and between them (3) a deep g;rooTe 
' (posterior palatine groove), which is converted 
into a canal by articulation with the superior maxilla, 
and transmits vessels and nerve of the same name. 
On esamining the outline of the tuberosity we see (a) 
a rou^h surface for the superior maxilla, immediately 
in front of the posterior palatine groove, then (S) a 
smooth surfece, which presents itself in the zygo- 
matic fossa, and g^ves attachment to the internal 
pterygoid M. ; (c) a rough depression for the external 
pterygoid plate ; (d) a smooth groove, forming the 
[bottom of the pterygoid fossa, and (e) a rough de- 
resaion for the internal pterygoid plate. 
Anterior aspect. Shows the splumoidal, orbital, and 
HlluTi/ surfaces of the orbital process, which does 
Knot quite hide the sphenoidal process behind. The 
Jliorizontal plate is seen leaving the vertical at right 
Mimgles, and the tuberosity is seen in the distance. 
Posterior aspect. On (1) the sphenoidal process, 
which is the nearer of the two processes, we see the 
■■phenoidal and pterygoid suriitces. 

On (2) the distant orbital process are seen the 
Iflphenoidal, orbital, and zygomatic surfaces. 

(3) On the posterior edge of the vertical plate 
may usually be seen the groove or canal for the pos- 
terior palatine nerve, and the middle and inferior 
turbinated crests project on the inner side. 
I (4) On the tuberosity are seen three vertical 
E grooves on this aspect, the two outer being articular 
I for the two pterygoid plates, the middle forming the 
I bottom of the pterygoid fossa. 
I (5) The posterior margin of the horieontal plate 
I JB smooth, and gives attachment to the soft palate, and 
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the inner end projects upwards, as the posterior na: 
spine. 

Artievlatians, — With 7 bones^Bphenoid, ethmo 
superior maiilia, inferior turbinated, vomer, sphenoit 
turbinated and opposite palate bones. 

Develojunent.—From a sing;le centre, appearing in t 
7th or 8th week at the angle between ita eacendi; 
and horizontal parts. In the iwtus the horizon- 
part IB mnch the larger. 

Means qf dislitiffvishi/ifi right from Ifji. — Hold as if 
your own skull, with the palatine plate direct 
towards the middle line below, the tuberositr pi 
jecting backwards, and the curious double proet 
looking upwards ; the posterior margin of the palati 
process will be non-articular; the side of the bo 
ffom which the ascending process springs will be t 
outer — i'.e,, looks to the aide to which the bone I 



Points of impoHancs :— 

1. Its shape like the letter L, ita numerous coi 
plicated procesaea, the ascending being divided bj 
notch. 

2. A small portion appears in the orbit. The bo 
is generally broken when disarticulated, and is thai 
fore difficult to be learned. 
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MALAR.— Plate XVIII. 

Synonyms : Q. Das lochbein, Wangenbein. Fr, Os de la 
pomette. L, Os malsa, malare, zygomaticum. 

SUiuxtion. — It forms the prominence of the cheeky 
and enters into the orbit and temporal and zygomatic 
fossae. 

Shape, — Four-sided, with one side concave, and a 
flange thrown off from it inwards. 

Parts, — ^Two surfiaces, four borders, and four pro- 
cesses. 

Surfaces, Outer or facial smooth, convex, perforated 
by one or more malar foramina. Inner or zygomatic 
rough in its anterior third for articulation with the 
superior maxillary, smooth behind for the temporal 
and zygomatic fossae. 

Borders, Upper or orbital is concave, smooth, and 
forms about one third of the circumference of the^ 
orbit on the outer and lower side ; it has projecting^ 
from it inwards the orbital process or curved ledge, 
which contributes to the formation of the orbit and 
of the temporal fossa. Lower thick, free, continuous 
with that of zygoma, and giving attachment to the 
masseter M, Anterior rough, articular for the malar 
tuberosity of the superior maxilla. Posterior only 
non-articular in the middle third, where it forms a 
smooth notch, and ^ves attachment to the temporal 
fascia. 

Processes, Orbital described above. Frontal is 
the angle of junction of the upper and posterior 
borders, and articulates with the external angular 
process of the frontal bone. Zygomatic is the angle 
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of juEction of the posterior and lower border, projects 
moBt below and supports the zygomatic proceaa of the 
temporal hone. 

Maxillary is the rough triangular Euriace at the 
junction of the anterior and lower horders. 

ArtimilatMm. — With four bones — frontal, sphenoi^^ 
temporal, and superior maKlIlary. ^H 

Development. — From a siagle centre in the 7dii^H 
8th week. ^| 

Means of distingnishiaj/ right frma left. — Hold as if in 
your own skull, with the concave orbital edge for- 
wards, and from this edge the orbital surface running 
inwards; the post«rior or zygomatic edge is more 
sinuous than the anterior, and the rough malar pro- 
cess is directed downwards; the smooth facial surface 
with its malar foramina is on the outer aide — i.e., 
looks to the side to which the bone belongs. 

Points of iviportancc : — 

1. It forms part of the zygoma, which being arched 
over the temporal fossa is rarely broken, though 
exposed to frequent violence. 

2. It gives the appearance called " high che^: 
hone" when large. 
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NASAL.— Plate XVIII. 

Synonyms : 0» Das Nasenbein. L, Os nasL 

Situation, — ^The two nasal bones form the bridge of 
the nose. 

8h4ipe. — Oblong, with the outer edge long and thin 
and the lower edge notched. 

Parts. — Outer surface convex. Inner surface concave 
from side to side, grooved by the nasal nerve. Upper 
harder narrow, thick, articulates with the nasal notch 
of the frontal bone. Lower thin, notched, but the 
nasal nerve frequently does not pass through the 
notch; this border is oblique and gives attachment 
to the lateral cartilage of the nose. Inner thick, 
straight, bevelled on its inner side so that the two 
nasal bones when articulated shall form an arch ) it 
articulates with the nasal spine of the frontal and 
with the vertical plate of the ethmoid. Outer 
thin, much longer usually than the inner, articu- 
lates with the nasal process of the superior maxillary 
bone. 

Articulations. — With four bones — frontal, ethmoid, 
superior maxilla, and opposite nasal. 

Development, — From a single centre about the 7th or 
8th week. 

Means of determining right from left, — Hold with the 
notched, thin, oblique edge downwards, and the con- 
cave surface backwards ) the longer of the two lateral 
borders is the outer — %,e,^ looks to the side to which 
the bone belongs. 
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Faints of importance : — 

1. It forms the bridge of the nose, and though 
comparatively thin, is capable of resisting much 
violence without being broken, owing to its arched 
construction. 

2. Peculiar notch on the lower edge. 



\ 
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LACHRYMAL.— Plate XVIIL 

Synonyms : O. Das Thr&nenbein. Fr, LaorynuJ. 
L. Ob lacrymale, unguis. 

Situation. — Behind the inner angle of the orbit. 

Shape, — It is an extremely thin, four-sided scale of 
bone^ resembling a finger-nail, and hence sometimes 
called ungual bone, it is the thinnest and smallest 
bone of the face, and is often destroyed in the 
articulated skull. 

Parts. The outer surface is often marked by a 
vertical ridge, in front of which the bone is grooved 
to form part of the lachrymal groove, behind which 
it is flat and forms part of the inner wall of the orbit. 
If the ridge be traced downwards it is seen to end 
in a small tubercle (the lachrymal tubercle) which 
articulates with a process on the orbital plate of the 
superior maxilla : it is, however, sometimes a separate 
bone and is called then the lesser lachrymal bone. 
Inner or nasal surface presents a vertical groove 
instead of the ridge, dividing the nasal from the 
orbital portion : the lowest edge, which is towards 
the front of the bone, articulates with the inferior 
turbinated bone. 

Articulations. — With four bones — ^frontal, ethmoid, 
superior maxilla, and inferior turbinated. 

Development. — From a single centre about the 7th 
or 8th week. 

Means of determining right from left, — Hold with 
the small tongue-like process projecting downwards 
and the vertical groove which ends in this process 
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forwards, the surface upon which the vertical ridge is 
found is the outer — i.e., points to the side to which 
the bone belongs. 

Points of importance : — 

1. Extremely thin and like a finger-nail — it is 
generallj destroyed in an old skull. 

2. It is grooved for the lachrymal duct. 
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INFERIOR MAXILLA.— Plate XIX. 



^tuation. — This bone conBtitutea the lower jaw and 
•rticulates with the temporal bone on each side. 

Sutjte. — It consists of two lialves, uniting; in the 
jniddle Line at the symphysis; it forms a horseshoe 
with two perpendicular rami at the ends of the horse- 
shoe, the upper edge of the horseshoe bearing the 
teeth. 

Parts. — The hoTseshoe portion ia called the body { 
the ascending portions the rami. The border bearing 
teeth is called alveolar, and the rami are sur- 
mounted by two processes, the posterior of which is 
the articular condyle, the anterior the coronoid 
process. 

Examining the bone as a whole we find the two 
halves ahke, and each half has an outer and an inner 
surface, an upper and lower border. 

Outer surface. On the ascending portion or ramus 
Vie notice — 

(1) A four-sided moderately smooth suriace, which 
gives attachment to the masseter M. 

(2) A prominent ang;le belonging rather to the 
border, and situated at the junction of the ramus with 
the body. On the body is seen 

(3) A line continued from the anterior border of 
the ramus (exterior oblique line) running obliquely 
across the body aad ending below a foramen called 

(4) The mental foramen, which transmits the 
termination of the inferior dental nerve and artery, 
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and gives attachment to muscles, depressor aoffttli oris 
and depressor labii ir^fcrioris Ms. 

(5) The upper part of the body conttung the 
sockets tor the teeth, and is called the alveolar 
border, 

{fij The aymphyaiH menti, or line of union 
between the two halves of the bone. 

(7) A depreBsion below the incisor teeth, 
is attached the orbicularis oris M. 

(8) Another depression below this for the levator 
Toeati M. 

The inner surface presents on the ascending 
ramus 

(1) A foramen (inferitw dental foramen) for the 
ii^crior detttal vessels and nerve, and for a long' MechePs 
cartilage in the ftxtus, continuous with the processus 
gracilis of the malleus; projecting; upwards from the 
inner edge of this foramen is 

(9) A spinous plate of bone for the internal lateral 
liganieni of the lower jaw, 

(3) A groove running obliquely from the foramen 
(mylo-hyoid groove) for the ■mylo-hyoid nerve and 
vessels. 

(4) A rough surfece between this and the angle for 
the insertion of the internal pterygoid M. 

On the body are seen 

(5) A ridge (mylo-hyoid ridge) continuous with 
the anterior border of the ramus and running obliquely 
across the body, giving attachment to the mylo-hyoid 
M., leaving a fossa below 

(6) The BUbmaxillary fossa for the suhmaxillary 
gland, and above and in front is seen 

(7) A fossa (sublingual fosaa) for the sublingual 
gland. 
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(8) Two tubercles on either side behind the sym- 
physis (genial tubercles) ; the upper for the gmio- 
hyogloams, the lower for the gmiio-hyojd M. 

Borders. Commencing at the posterior process at 
the upper limit of the ramus we notice — 

(1) The posterior process or condyle, an articular 
process, the long axis of which is nearly transverse, 
-with a slig;ht inclination backwards as well as inwards, 
rounded from before backwards, and slightly bo from 
side to side, for articulation with the glenoid cavity of 
the temporal bone. 

(2) A constricted portion below the condyle form 
ing^ the neck, having a rather flat hollow surfece in 
front for the insertion of the eternal pterygoid M. 

(3) A notch in front of the condyle (sigmoid 
notch). 

(4) An anterior thin angular process {the coronoid 
process) for the insertion of the tempm-al M. 

(5) 'ITie anterior edge of this process is grooved. 
(C) On the body the border is called alveolar, and 

contains the sockets for the teeth, which are eig'ht in 
number on each side in the adult (3 molars, 2 bicus- 
pids, 1 canine, and 2 incisors), and in the young bone 
only five (2 molars, 1 canine, and 2 incisors). In the 
adult the sockets for the molars are usually double 
for the two fangs, whereas in the upper jaw each 
molar tooth has usually three fangs; the wisdom 
tooth, however, has generally only one or two fangs. 

Outside the molaf teeth the bueciaatar M. is attached, 
and the superior constrietor oj, the pharynx, the two 
muscles being separated by the pterygo-vutxiUayii 
ligament. 

Tracing the lower border from the condyle we 
notice — 
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(1) The h&ck of the neck of the condyle. 

(2) The thick posterior margin of die ramus, t 
Dating in 

(3) The angle. 

(4) Continuing along the under edg^ of the 
we notice a gToove iu front of the insertion c 
maeseter for the faoial arteri/, in which position i 
tion is easily felt in man and in the horse, doe 
other aniioals. 

(5) A depression on each side of the symp 
for the anterior belly of the digasirieus M., ■ 
above this edge of the body the ptatysma M. 
tached. 

Articulations.—^ ith the two temporal hoM 
the glenoid fossie. 

Development. — From two eentrea — one for each 
bat occasionally others for the coroaoid nroc< 
condyles, angles, and the inner side of the alve 
This bone begins to ossily before any bone, eJ 
the clavicle, about the 6th week of fcetal life 
the two halves unite in the first year ; the di 
canal is at first an open groove. .*( hirth the alvi 
border is small ; the mental foramen therefore 1: 
and the angle obtuse. After birth the Bockett 
the milk or first set of teeth become more pronoui 
In adult life the alveolar and basilar portions are n( 
equal; the mental foramen, therefore, midway, 
ramus vertical, and the sockets for the perma 
teeth evident. In old age the alveolar border beet 
absorbed, owing to the loss of the teeth, the me 
foramen therefore near the upper border, the ra 
oblique, and tlie angle obtuse. 

Points of importance :— 

1. Its alveolar border with the sockets for 
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teeth, which differ in numher in the first and second 
or permanent set. The sockets also for the molars 
differ from those for the upper molars. 

2. The two large processes, coronoid and condyle, 
and the intervening sigmoid notch. 

3. The peculiar grinding motion allowed of at the 
temporo-maxillary joint, and the immense strength 
obtained by the horseshoe shaped body. 

4. The difference between the bones of the child, 
adult, and aged person. 

This bone is often broken by direct violence, and 
the fracture generally occurs about an inch from the 
symphysis. When broken it is often difficult to retain 
the fragments in position, and recourse is had to 
various means for effecting this purpose. The teeth 
may be tied together, or a mould fixed over them, or 
the portions of jaw may be fastened together by wire, 
but usually the best method is to close the mouth and 
fix it in that position by a split bandage. The lower 
jaw is often dislocated, and the condyle then slips 
forwards on to the eminentia articularis. The mouth 
is then wide open, and there is often much difficulty 
in reducing it. Gaping or laughing is the common 
cause of the dislocation. 
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VOMER.— Plate XIX. 

SjnoDf m : Q. Doa Pflugacharbein. 

Situalion. — It is placed as a Bing^le bone in'ra 
tnediaa line below the body of the sphenoid, an 
ibrms the bnck part of the septum of the nose. 

5Srt/«T.^0bhquelj four-sided, thin, with a pre 
jecting ola od each side of the base. 

Parts. — It has two lateral Buriaces and four borden 

Lateral surface smooth, furrowed, marked by on 
special groove or canal for the naso-jilatix^ Bern 
running downwards and forwards. 

Borders. — Upper thickest, with a deep grooTe ft 
the rostrum of the sphenoid, and two alie (vagins 
processes) which fit into grooves at the root of th 
internal pterygoid plates. Liiwer articular, thi 
behind for the interpaktine suture, tliicker in froi 
for the interra axillary suture. Anterior thin or doubl 
above, and rather horizontal for articulation witli th 
ethmoid ; broader, perpendicular, and irregular beloi 
for the median triangular nasal cartilage. Posttru 
smooth, E on -articular, forms the posterior border ( 
the septum in the posterior nares. 

ArticvlaOoas. — Witli six bones — two median an 
belonging to the cranium, sphenoid and ethmoid 
two in pairs and belonging to the face, superic 
masilla and palate. 

DevchpTnent.^Fiom two centres — one for eac 
lateral half, appearing in the 7th or 8th week an 
uniting shortly after birth. 

Points of importance : — 

1, It forms the septum of the nose, and 
frequently more on one aide than the other. 

2. It is grooved for the naso-palatine nerre. 
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INFERIOR TURBINATED— Plate XIX. 

Synonyms : E, Lower spongy bone. 0, Das Muschelbein. 
Fr. Le comet, la coquille inf^rieure. L, Concha inferior, 
08 turbinatum, spongiosum. 

Sittiatim. — On the lower part of the outer wall of 
the nasal fossa. 

Shape. — Curved, scroll-like, thin, with a dependent 
process on the outer side. 

Farts, — Two surfaces, two borders, and two ends. 

Surfaces, Inner convex, rather uneven, marked by 
vertical grooves for branches of the fifth nerve and 
for vessels. Outer concave, overlying" the inferior 
meatus of the nose, presenting a triangular dependent 
process (maxillary process) towards its posterior 
end, which articulates with the maxillary bpne just 
below the orifice of the antrum. 

Margins, Upper convex, thin, irregular, marked by 
two small projections which divide it into thirds j the 
anterior process is the lachrymal process, the pos- 
terior the ethmoidal process for articulation with 
the bones of those names. In front of the lachrymal 
process the bone articulates with the nasal process of 
the superior maxillary, behind the ethmoidal process 
with the ridge on the ascending plate of the palate 
bone. Lower convex, thin, free. 

Ends, Anterior slightly more pointed than the 
posterior. 

Articulations, — -With four bones — ethmoid, superior 
maxilla, lachrymal, and palate. 

Development, — From a single centre about the 5th 
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Means of distinffutshinff right from left. — Hold with 
tbe pointed longer end forwards, and the pendent 
maxillary process downwards; the maxillary process 
wil! be on tbe outer aide — i.e., will point to tlie side 
to which the hone belongs. 

Points qf importance : — 

1. It is the only one of the three turbinated bones 
which is a separate bone, but sometimes it is united 
to tbe inferior maxillary. 

3. It is covered by naeal but not olfactory mucous 
membrane, and is not infrequently the seat of polypi, 
or soft tumours. In removing these care should be 
taken not to pull away the bone. ^h 

THE SKULL AS A WUOLB. ^H 

If we look at tbe bones of the skull when artien- 
lated together, we shall see the relation of the various 
prominences and foramina to one another, whereas 
hitherto we have only seen their relationship when 
they happen to be in the same bones. ITie bones of 
the skull and face form an oval box, the upper and 
back part of which contains the brain, and constitutes 
the cranium proper, while the anterior and lower part 
constitutes the face, and contains the organs of taste, 
and sight, and smell. We must bear in mind the 
relative importance of the contents of the cranial and 
facial regions while we examine the skull as a whole, 
as it will tend to explain the difference in uniformity 
and structure. 

Anatomically we may notice the skull in certain 
aspects, and in each we shall see numerous points 
already described, besides others wliich are of interest 
in relation to the external configuration of the head 
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and face, or which indicate special developments of 
the brain, and bear upon phrenology. 

Front View (Plate XXI). — In examining the front 
of the skull we see the general outline is oval, with 
the broader part above. The greater breadth and 
height of the cranial portion corresponds with the 
development of the brain, while the lower part of the 
face is larger in animals, and even in man indicates, 
when excessively developed, a predominance of the 
animal character. Breadth in the frontal region is 
generally associated with what we may roughly call 
breadth of intellectual faculties, in contradistinction 
to the depth or intensity of intellectual as well as 
moral faculties usually indicated by the height of this 
region. Breadth again is said by phrenologists, and 
with some reason, to indicate intellectual, while height 
indicates moral tendencies of the mind. 

In looking at this front view of the skull it must 
be remembered that the hair of the scalp covers the 
upper part of the frontal bone — about the upper half 
in a normal face. Various measurements may be 
taken for the relation of parts in a typical face, but 
one of the simplest is that of dividing the front view 
of the head into four zones, marked by three hori- 
zontal lines. Through (1) the root of the hair on 
the forehead, (2) the root of the nose and middle of 
each eye, (3) the lower limit of the nose. 'In the 
skin-covered face the lowest zone is subdivided into 
three equal parts by the line of the mouth, and by 
that of the crease above the chin. The orbits are 
large compared with the anterior nares, but in the 
natural face the opening of the eyelids is only equal 
to the width of the nose, and the whole width of the 
face is usually equivalent to that of five eyes. 
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How much of the character of & face depends i 
these proportions'. Little thoug^h we think of tl 
j'et they are accepted intuitively, and any ert 
divergence from them ptrites tte observer 
pleasantly. It is when the rule is broken thai 
notice how a deviation from it strikes unpleaei 
upon our sight. When the eyes are small or cl( 
set, when the forehead is low and narrow, the 
instinctively repels, unless redeemed by some sp 
expression. Eyes that are large and widely sepai 
ffive to the face a repose which is perhaps broi 
to an unfethomable extreme in the sphinx's b 
where we must remember the type of beauty is 
Caucasian but Egyptian. 

Tracing from above downwards we notice i 
was seen on the front of the frontal bone, 
prominent edge of the temporal fossa, formed on 
aspect by parietal, froatal, and malar hones ; the 1 
(irbital fossa, or orbits, with the siipra-itrbital J 
men above, and infra-orbital foramen below ; and 
serve that the malar bone forms rather more 1 
Jialf the lower edge of the orhit. Going to the mii 
line we see the depression at the junction of fro 
and nasal hones which forms the depression at 
root of the nose. Below the nasal hones, the p 
shaped anterior nares with tte anterior nasal t 
lielow, and leading into the tiasal fossm which 
separatfld deejily by the vomer and vertical plah 
the ethmoid : in the natural state the septum is t 
tinned forwards by the cartilage of the sept 
Below again is the alveolar hordm- with the teeth, 
the front surfiice of the lower jaw. Tracing ( 
wards from the anterior nares, we pass over 
eanine fossa and leach tke malar ti^erosity, which n 
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the superposed malar bone forms the prominence 
of high cheek-bones seen in the negro skull and in 
other races. Immediately below this is a hollow 
naturally filled by fat, but when deprived of this, as 
after wasting diseases and famine, the depression 
caused gives rise to the appearance called hollow 
cheeks. 

Side view (Plates XXI. XXII). — In this view we 
notice again the difference between facial and cranial 
portions, and that the cranial portion is considerably 
larger than the facial. Comparing the skull with the 
skin-covered head (by means of a looking-glass if no 
other means be possible), it will be noticed that in the 
face the temporal fossa contains part of the frontal 
sphenoid and temporal bones covered by tissue j that 
part of the cranium proper is not covered by hairy 
scalp. Moreover it may be noticed that the ear occupies 
a space equivalent to that between the eyebrow and 
the lowest point of the nose ; and that the external 
auditory meatus is situated nearly at an equal dis- 
tance from (1) the root of the nose, (2) the vertex of 
the skull, and (3) the occipital protuberance. This 
point is taken advantage of by phrenologists, and it 
may be said that the greater distance between the 
orifice of the ear and the front of the cranium, cor- 
responds with greater development of intellectual 
faculties, to the vertex with moral, and to the 
occiput with animal powers. In an individual the 
relation between these faculties may usually be 
roughly estimated by such means, but it must always 
be borne in mind that such observations are liable to 
error from various sources, as for instance thickness 
of skull, and that in comparing the measurements 
in different individuals very little reliance can be 
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placed on sncli rough methods, for it is impoesUi ' 
to eEtfmate the depth of the conrolutions, a poD 

of appareotlj great importance in estjmatiiig tihi 
activity of the brain. 

It may neit be noticed that in an ordinary Europw 
(Caucasian) skull, the horizontal line of tiie base rf 
the skull passes through the lower limit of tJie m- 
t«rior nares, or in other words throuf^h the junclioii 
of the nose and upper lip, and that, considering tiie 
articulation with the spine is in a line between the 
front of the two mastoid processes, the greater hm 
and weight of skull will be in front of the fulcrum, or 
part at which the head is in contact with the atlas. 
The strong'er muscles are therefore placed at the bsck 
of the neck, together with a strong fibrous ligamenl, 
the ligamentum nuchte. A person sitting uprigh 
nods his heod forward when fiilling asleep, owing W 
the greater weight being in front of the fulcrum. 

Nest look at the general outline, and notice wb»t 
is termed the facial angle as indicating; developmecl 
of intellectual powers in the human race. To form 
this angle, a facial line is drawn from the most 
prominent point of the forehead to the most promi- 
nent point of the upper jaw. Intersect this by a 
basal line drawn through the external auditory 
meatus to the base of the anterior opeuioff of the 
nose. The angle formed at the point of meeting of 
[hese two lines (Camper's facial angle), diifers much 
in different races j in the Caucasian or Indo-Europeaa 
skull it is 80° to 85°; in the Mongolian or Chinese 
about 75° ; in the Ethiopian or Negro about 70° ; in 
the gorilla about 38°; in the orang-otang (Owen) 
30"; in the mastiff 41°; in the horse 3a°. Greek 
sculptors increased it to 00° in representing sages and 
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heroes ; and when they wished to convey an idea of 
superhuman intellect, they extended it to 100°, as in 
the Apollo and Medusa. 

It is usual to distinguish certain varieties of human 
skulls, and we may here refer to the simplest of these, 
and mention the special characters by which they are 
marked. Examination of a large number of skulls has 
enabled authors to select at least three typical forms. 

(1) The oval or elliptical or Caucasian. 

(2) The pyramidal or Mongolian, and 

(3) The prognathous or Ethiopian. 

The Caucasian is the most perfect, is rounded and 
symmetrical; when seen from above, its posterior 
extremity bears to the anterior the proportion of 
about 3 to 2; face oval, its area in section being 
about 1 to cranium 4. 

Mongolian appears broader but much shorter from 
before backwards ; face square and flat ; cheek-bones 
and zygomatic arch projecting laterally ; nasal bones 
short, small ; space between the eyebrows (glabella) 
flat and broad ; jaws wide ; dental arches flattened in 
front. This form is exemplified in Tartars and in 
some of the native tribes of America. 

Ethiopian conveys the idea of lateral compression ; 
the narrowness of the temples allows the zygomatic 
processes to come in view, the cheek-bones, jaws, and 
incisor teeth project considerably forwards, hence 
called by Dr. Pritchard prognathous; the nose flat, 
the face narrow, its area in section being one-fifth 
larger proportionably than in the Caucfisian; jaw 
large and strong, teeth perfect and durable. 

Taking the capacity of the cranium to be repre- 
sented by figures it would be proportionally in the 
Caucasian 40, Mongolian 39, Ethiopian 37. 
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Snch skulls as are broad in comparison with their 
lenj^h are termed Brachycefihalic, and those which 
are comparatively lonff Dolichocephalic. Upon this 
latter basis Retzius's table is drawn up. His sub- 
divisions are dejiendent upon the facial an^le, the 
ortbo^athoua having a vertical outline of the face or 
a large ikcial angle, while the prognathous have 
prominent teeth, and a receding forehead or a small 
facial angle. 

Class I, — Dolichocephalic, ob Long Heads. 

Order 1. Onhognathai. — Gauls, Kelts, Britons, 

Scots, Germans, ScandinaviaDs. 

„ 3. Prngnalha. — Greenlanders, variona 

North and South American Indians, such 

as Caribs, ifec, Negroes, New Hollanders. 

Class II. — Brachtcephalic, or Broad Heads. 
Order 1. Orthoffnatk/s. — Sclavonians, Finns, Aff- 
ghana, Persians, Turks, Lapps. 
„ 2. Prot/imtka. — Tartars, Kalmuks, Mon- 
gols, some North and South American 
races, such as Incas, Citruas, &c., 
Papoes. 
Mr. Ward has made some interesting experiments 
on the relative capacity of the anterior and posterior 
portions of the cranium ; taking the anterior boundary 
of the foramen magnum as the line of division (and 
it may be noticed that this corresponds very closely 
to the line of the external auditory meatus), ha 
infers from these observations that in the fiat-headed 
Indian, Chinese, Esquimaux, and African, the pos- 
terior segment is the larger ; while in the German, 
Greek, and Hindoo the anterior is the larger ; and 
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further that even where the greater capacity of the 
entire cranium seems at first sight to place the 
African, (fee, above the Caucasian skull, still a com- 
parison of the anterior segments shows the superiority 
of the latter. 

The following table, taken from that of Dr. 
Morton's in the " Transactions of the American 
Medical Associations/' will be of interest as showing 
the relative capacities of the crania of different races 
of mankind. It must, however, be borne in mind 
that the classification is not free from objection.* 
The figures indicate the number of cubic inches of 
measurement. 

Races and Families. 
Modern Caucasian Gkoup. ^^S^S^^. 

Teutonic Family, 

Germans 90 

English 96 

Anglo-Americans 90 

Pelasgic Family. 
Persians \ 

Armenians V 84 

Circassians j 
Ckltic Family, 

Native Irish 87 

Indostanic Family, 

Bengalees, (fee 80 

Semitic Family. 

Arabs 89 

Nilotic Family. 

Fellahs 80 

* Upon the character of the skulls of the American and 
Malay Groups I have added some remarks in the commence- 
ment of the book, immediately following the preface. 
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Races and Families. 
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Amcient Caucasian Group 




.strrsjc: J 


Pelaasif family. 








G neco - Egyp ti an 3 
Nilotie Family. 














E-jptians . . . 








MoMGOLiAN Group. 








Ckiitexe Family . . 








Malay Group. 








Malayan Family . . 
















Ambbican Group. 








Tiiltccan Family. 








Peravions . . . 








Mexicans . . . 








Barbarous Tribes . . 






(Iroquois, Cherokee, &c 






Neoro Group. 








2fative JfHcan Family 








Ameriean-bom Negriits 
Hottaaot Family . . 














Alfurnian Family. 








Australians . . . 
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1 and face in the side view, we 
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arrangement of skin and cartilage more than to the 
bone that we are dependent^ for the comeliness of an 
organ whose beauty is not appreciated till it is injured 
or lost. 

The prominence of the lower border of the lower 
jaw varies according to age as well as according to 
individual peculiarities; it is especially pronounced 
in the aged or toothless^ and is increased by the 
falling in of the lips over the alveolar borders, owing 
to the absence of the teeth. 

The angle of the jaw in like manner is modified by 
age, being obtuse in early life, rectangular in adult, 
and obtuse again in old age. 

The outline of the vault forms an arch, seen in 
the side view as well as from the front, and is ad- 
mirably adapted by its shape to protect the delicate 
brain within. 

Tracing the surface downwards we notice the 
parietal eminences, at which points the skull is broadest, 
the temporal ridge and margin of the temporal fossa seen 
on the frontal, parietal, temporal and malar bones, the 
fossa including the sphenoid also. The size of this 
fossa depends upon the size of the temporal muscle, 
which is one of the most powerful muscles for closing 
the jaws. Hence it is greatest in the carnivora, 
where it occupies the whole side and upper part of 
the skull, and is increased in extent by strong bony 
ridges. In front of the malar bone is the orbit, and 
upon the bone the malar foramina, while below it pro- 
jects as the m/ixillary process, overlying a space which 
is filled naturally by the masse ter muscle and fat. 
Deeply placed under cover of the zygoma is the zygo^ 
matic fossa, with a still deeper hollow, the spheno- 
maivillaryfossa,\)GtyieGJit}ie pterygoid processes and the 
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upper jaw. Behind the condyle of the lower jaw, seen 
now in its glenoid eavity, is the external auditory mcatm, 
and behind this the mastoid process, lyings over the 
articulating; processes or condyles of the occipital bone. 
Extending from the niaetoid backwards is the superior 
curved line which ends at the exterior occipital pro- 
tuberanec. Upon the several bones are seen the 
markings and foramina described on their outer 
Burfeces, some of which have already been mentioned 
in speaking of the front view of the skull. Of the 
sutures it is especially necessary to notice the projec- 
tion forwards of the anterior inferior angle of the 
(farietal to meet tlie great wing of the sphenoid. 

Top vi4fw. This view gives the outline of the skull 
cap, forming; an oval with the broad transverse axis 
rather behind the middle, and at or about the parietal 
eminences, and the median line corresponds nearly 
with the interparietal or sagittal suture. But the 
outline is not always symmetrical, in fact it is rarely 
perfectly so, and it can sometimes be seen that one- 
half is greater than the other, the left being usually 
the larger. Tins is in accordance with a fact in 
cerebral physiology, that the left half of the brain is 
the storehouse of nerve force for the rig;ht half of the 
body, and inasmuch as the majority of individuals are 
right-handed, or use the right side more than the left, 
the left half of the brain is prop oi-tion ally tiie larger. 

In looking at the top of a skull of the Mongolian 
or Ethiopian form, the special peculiarities of these 
types may be seen, the Mongolian being broad and 
short, the Ethiopian comparatively long and narrow, 
the zj'gomatic arches much projecting. 

The parietal foramina are seen on either side of the 
sagittal suture. 
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Back view. In this we notice the arch formed by 
the vanity the back of the sagittal suture^ the tarnb- 
doidal suture with frequently its Wormian bones, 
the exterior occipital prottiberances, crest, and curved 
lines. 

Under view, or base of the skull (Plate XX). After 
noticing the arch formed by the body of the lower jaw, 
which gives great strength and protection against in- 
jury from blows on the chin, this bone should be re- 
moved and the base examined without it. The outline 
is now formed by the front of the hard palate, the zygo- 
matic arch, mastoid processes, superior curved lines, 
and exterior occipital protuberance. The bones seen 
within this outline are the superior maxillary bones, 
malar, temporal, occipital, sphenoid, palate, and vomer. 
The foramina, grooves, processes and markings are 
very numerous, and it will be best to take (a) those 
things seen in the middle line ; (h) those seen in 
certain lines drawn transversely across the base ; {c) 
those seen in other parts of the base. 

{a) In the middle line we find from before back- 
wards 

(1) The suture between the palatine plates of the 
two upper jaws and the two palate bones with 

(2) The anterior palatine foramen behind the central 
incisor teeth. 

(3) The posterior nasal spine, and 

(4) The vomer. 

(5) The basilar processes of the sphenoid and occipital 
fused together, and on the ftised process, 

(6) A small tubercle, the pharyngeal spine. 

(7) The forarnen magnum, behind which is 

(8) The exterior occipital crest, leading 19 

(9) The exterior occipital protuberance. 
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(b) Now draw a line acrose the base of the eh 

immediately in front of the mastoid processes, t 
being the axis upon which the movements of flei 
and eatension of the head are performed. In 1 
line we find 

(1) The auricular Jismire, with the external avdii 
meatus in front and the ■mastoid jn'oeess behind. 

(2) The stylo-mast aid foramen, with stylmd i 
vaffinal processes in front, and the digastric and ooeip 
grooves behind, 

(3) The posterior margin of the jvgular fonts 
with thajfigular fossa of the temporal bone in fire 
and the jvgitlar process of the occipital behind, with 
rough surface for the rectus lateralis M. 

(4) The condyle, with the anterior condyloid form 
(i)th nerve) and the inner end of the jugular foran 
(8th nerve) in front, and the posterijrr eoadyloid fora\ 
behind for a small vein. 

(5) The anterior margin of the^wi/men maffnum. 
Now carry another line across the base from 

tubercle of one zygoma to the other ; it will be ab 
an inch or an inch and a quarter in front of the 1 
line, and will pass through the following : 

(1) The tiiiercle qfthe zgffoma. 

(2) The articular emnenee in front of the glen 
cavity. 

(3) Tb& foramen ovule foi the Snd division of the i 
nerve and small meningeal artery, with the spini 
process of the sphenoid and the foramen spinasum 
the great meningeal artery behind and external to 

(4) The groove for the Eustachian tube between ' 
petrous and sphenoid, with the scaphoid fossa and I 
root of the pterygoid plates in front, and the tip of I 
petrous bone behind. 
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(5) The front edg'e of the Joramm lacerum medium, 
with the anterior openino; of the carotid canal behind 
it, but situated nparer the iii(erior of the skull. 

(6) Badlar pToeesa, behind the base of vomer, 

(e) Between these two lines are placed Uie various 
thingfs seen on the under surfece of pctrtms and 
egnaTnous bones, the spine qf uphentnd, and the basilar 
processes with the pharyngeal spine. Notice that the 
petrous bone is wedged into the base and is very roug'h, 
that its anterior and posterior margins would, if pro- 
longed, meet about the posterior edge of the vomer, and 
form an angle of about 30°, so that if a transverse and 
BD antero-posterior line be drawn to tlie back of the 
vomer, the right angle formed between them would 
be divided into three equal parts by the anterior and 
posterior edges of the petrous bone; the anterior line 
would run through the Olasserianjissure and the spU-ne- 
petroMl suture and the groove for the Mi^tachian tube; 
the posterior line through the occipito-petrosal suture and 
thajngular foramen. Another point of great importance 
to notice in this region is the relation of the carotid 
to the jugular foramen, and of these to the anterior 
condyloid and that portion of the jugular througli 
which the 8th nerves pass. The carotid foramen is in 
front of, and internal to the jvgvlar fossa, separated 
only by a thin plate of bone, in which is the canal for 
JacohsorCs nerve; the inner and anterior part of the 
jugular foramen transmits the 8th nerves (glosso- 
pharyngeal alone, pneumogastric and spinal acces- 
sory together), and is directly on a level between 
the carotid foramen and jup^lar fossa. Moreover, the 
anterior condyloid foramen, which transmits the 9th, or 
hypoglossal nerve, grooves the bone to reach the 
same point — the level between carotid and jugular 
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foramina. What wonder, then, if the glosgo-pb 
geul, pneuinog;aatiic, spinal accessorj, and ! 
g^loseal nerves often pass between carotid arter 
jugular vein, the pneumogastric and bypog 
almoBt always, the others sometimes ? What wi 
too, if the gloBSO -pharyngeal gives off a tyn 
hranch (Jacobson's nerve) which perforates the 
between the two vessels, and the pneumogast 
auricular branch (Arnold's nerve) in the jugular 
In front of the anterior of the two transvera 
we seethe hard palate wilh ihe posUrior palatine Ji 
close to the tuberositt/ of the palate bone, which i 
forming part of the pttri/goid fossa. The in 
pterygoid plate has its hamular process for the 
palati, unless, as is frequently the case, it is 1 
forms the lateral boundary to the pa 
nares. The external plate projects outwards 
base of the vomer ia seen to be fitting under the i 
prneessfs of the internal jJates, Outside the a 
the palate we come to the zf/ffomatie arches anc 
matte and temporal Jbssee, which have already 
seen in tlie side view. 

Behind the posterior line are seen those ma 
and foramina belonging to the outer surface 
mastoid and occipital bones, the inferior curv 
leading to the jugular process, and those stni 
already mentioned in speaking of the line. 

Jnterii/r of skull* — If the skull-cap be remoi 
see the interior of the vault and of the base. 



■ What a curious resemblance may be traced bet 
transverse section of a tnunel. anil that of the HkoJl (F 
It ia of coarse of great importaace tHat tlie coDstructio] 
akiiJl should be such as to jirotect the cooteut* from 
either hom auAieii m ateadj yteasurB. 
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Vault, — This shows the oval outline with its greatest 
width about the parietal eminences, the median groove 
for the longitudinal sintis more marked behind, with 
several depressions on either side for Pacchionian 
bodies, the depressions corresponding; with the 
parietal eminences and grooves for the middle meningeal 
artery. 

Base. — The first feature which is noticeable is the 
great unevenness of surface compared with the smooth 
vault above; but this is 
more apparent than real, Fig. 63. 

for in the natural state 
the base is covered over 
by dura mater, so as to 
diminish the inequalities 
and partially close the 
openings which are seen 
in the dry skull. In fact, 
beyond the sharp outlines 

/. .1-1 /. ^1 Transverse section of skull, 

Ot the three fossae, there showing tunnel-like arrangement 

are not naturally any irre- of vault, 
gularities at the base, but 

inasmuch as the nerves leave the brain below, this 
organ is more fixed below, and therefore more liable to 
injury at the base when the head is shaken ; and the ex- 
istence of the three sharply-defined fossae adds to the 
chances of injury occurring here. The base of the skull 
is mechanically arranged for great strength and elas- 
ticity. Firstly, there are strong buttresses for lateral 
pressure in the shape of the petrous bones, pyramidal 
masses leading from the outer wall and resting against 
the middle bar formed by the basilar process ; but it 
may be noticed that they are only apposed, or lying 
together without dovetailing or otherwise locking 

t2 
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togetlier. Two other buttresses run in from th( 
to the anterior curved edges of the middle ( 
curved for greater elasticity, and these run t 
miildle bar, now the hollow body of the ephesoi 

Next tliere are the groins, resembling those 
on the roofs of our Gothic buildinga. The larg 
these is the raised and thickened borders of theg 
for the longitudinal sinus (Fig. 6i), which runs '. 
flang;e from front to back, from the ethmoid t 
foramen magnum. Another is that of the lateral 
{Fig. 65), which runs horizontally from the back i 
one petrosal buttress to the other throug'h the 
pital protuberance. 

Nest notice the central bar. Trace it fron 
condyles where it forms the basilar process, thici 
strong, but soon becomes hollowed out for ligh 

Fig, 64. 

Anteni-poEterior srctinn of skull, Ehnwmg carved 
bai luppurting an iiched vjult. 

as it is traced to the body of the sphenoid, an 
ethmoidal vertical plate : here it is still a ci 
defined mass, and supports on its upper and 
end the arched groin of the vault just referrt 
Trace it buckwatda, and notice it splittin 
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surround the foramen magnuni, but still forming 
a strong, tUiek, bony ring;, uniting again behind 
to receive the inner occipital crest, which is the 
poBterior end of the g;rotn of the vault. Or take it, 
if you TOill, to the level of the occipital protuberance 
where the horizontal groining runs, and consider Chat 
the central curved bar runs from ethmoid to occipital 
protuberance, for the rinp^ surrounding the foramen 
is continued on as the crest, as can be verified by 
holding the skull up to tbe light. That this central 

Fig. 65. 




bar ia a curved one is evident, the concavity being 
upwards ; and we see the advantage that is gained, for 
elasticity is obtained besides strength, and elasticity 
is of great moment considering the constant exposure 
of the vault to pressure by falls and blows. And to 
allow of this elasticity being brought into play it 
would seem that the lateral buttresses (petrous bones) 
are only laid against the bar and not united with it. 
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Compare with the arrangemeDt as regards stre 
the inverted arches built in below windows where j 
pressure exists above ; but in the case of the sin 
is not merely stren^h that is wanted but elast 
to prevent the cominunication of shocks to bo del 
an organ as the brain. 

If we examine now for the purpose of seeing 
openings, processes and markings are seen in the 
we may notice the three fossre, the posterior bein| 
largest, and occupj-ing more than half the m 
line. The middle fossa is the smallest from b 
backwards, its extent being confined to the pitu 
fossa in tbe middle line. 

In the anterior fossa, bounded in front by 
frontal arch, behind by a sharp edge, we notic 
in the middle line from before backwards 

(1) The erest for the superior longitudinal i 
and fak major of dura mater. 

(2) Foramen eacum for a vein and dura mater. 

(3) Crista galU continued backwards in 

(4) The creai of the ethmoid. 

(5) Sometimes the outline of the ethmoidal spn 
sphenoid. 

(J) On each side we find (0) the vertical portit 
the frontal. 

(?) Sapra-orMtol plates, with the markings o! 
convolutions. 

(8) The olfactory foramina, in three sets for 
olfactory filaments. 

(9) The slit by the side of the crista galli foi 
nasal nerve. 

(10) The opening of the anterior ethmoidal Jor 
for the ti'ansmission of the same nerve. 

(U) The olfactory groone on each side of the on 
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(12) The lesser wings of the sphenoid projecting back- 
wards, as 

(18) The anterior clinoid processes for a process of 
dura mater to the other clinoid process, which is some- 
times bony, and serves to bind down the internal 
carotid artery. 

The sharp edge between the anterior and middle 
fossae is formed by the lesser wing of the sphenoid 
and the irontal, and fits into a fissure in the brain 
(Sylvian fissure), between the anterior and middle 
lobes. 

The middle fossa extends from this edge to the 
posterior upper margin of the petrous bone, and is 
unlike the other fossae in being narrowest from before 
backwards in the middle line. It lodges the middle 
or temporal lobe of the brain. In it are seen 

(a) In the middle line 

(1) The optic grooves ^ sometimes uniting in front of 

(2) The olivary eminence^ upon which the optic com- 
missure lies. 

(3) The sella turcica or pituitary fossa for the pituitary 
body, an appendage of the brain, supposed at one 
time to secrete pituita or nasal mucus. 

(b) On each side are seen the 

(4) Optic foramina passing through the lesser wing 
of the sphenoid for the optic nerve and ophthalmic 
artery. 

(6) Middle clinoid processes^ sometimes united by a 
spicule of bone with the anterior, and indicating the 
position of the internal carotid artery. 

(6) Groove for the cavernous sinus on the side of the 
body of the sphenoid, leading forwards to the 

(7) Sphenoidal fissurCy or anterior lacerated foramen, 
for the passage into the orbit of the 3rd and 4th, the 
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ophthalmic division of the 5th and the 6tli neryes 
with the ophtbalmic vein 

(8) Behind, and external to the lowest angle of the 
ephenoidal fissure is th^Jbramen rotundum fur the 2nd 
division of the 6th nerve. Behind and external to 
thii) is the 

(9) Foramen ovale for the 3rd division of the Sth. 
Ag'ain, behind and external to this is the 

(10) Foramen .ipiumum for the great meningeal 
artery, with a deep g;raave running' from it to the 
Equamons hone, and branching. 

(11) Internal to the foramen rotundum is the small 
foramen FftSflZii-for a vein. 

(IS) At the posterior end of the cavernous sinus is 
the foramen lacervm viedium, a space naturally filled 
with fibro -cartilage, and, as it were, compelling the 
carotid artery to find its way into the interior of the 
skull through 

(13) The carotid canal, here Been to be opening at 
the tip of the petrosal bone. 

(14) The hiatus Fallojniis seen as a groove or canid 
on the upper surface of the petrous portion, and nearer 
the tip 

(la) A depression for the Gasserian ganglion, while 
(IG) The elevation, owing to the superior semi- 
circular canal, is situated near the junotion of the 
petrous with squamosal portions. 

The margin between the middle and posterior 
fosSK runs forwards and inwards on the petrosal 
buttress and gives attachment to the dura mater, 
which here stretches over the cerebellum in the pos- 
terior fossa, and is caUed the tentorium cerehelU. 
The margin is grooved for the superior petrosal 
sinus, and is continuous with the upper raised edge 
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of the groove for the lateral sinus on the mastoid^ 
parietal^ and occipital bones. The foramen magnum 
occupies the centre of the fossa. 
{a) In the middle line are seen 

(1) Basilar process, projecting above as a plate 
at the back of the sella turcica^ and marked below 
by the 

(2) Basilar groove for the medulla oblongata. 

(3) Foramen magnum for the preservation of the con- 
nexion of the spinal cord and brain^ and for the passage 
of the vertebral artery, a plexus of veins around the 
spinal cord^ the spinal membranes^ and some of the 
ascending roots of the spinal accessory nerve. 

(4) The interior occipital crest leading to 

(6) The interior occipital prottiberance, with Tor^ 
cular Herophili to the right side of it. 
{b) On either side are seen 

(6) Posterior clinoid processes overhanging the pitui- 
tary fossa. 

(7) The groove for the iff erior petrosal sinus between 
the petrous bone and basilar process. 

(8) Interior auditory meatus for the &cial and 
auditory nerves. 

(9) A cleft or depression for the dura mater behind 
this, and 

(10) The aqueduetus vestibuli below the latter. 

(11) The posterior lacerated or jugular foramen with 
its inner part somewhat distinct for the glosso- 
pharyngealy pneumogastric, and spinal accessory 
nerves, and its outer large for the jugular vein, the 
right being usually larger than the left. The fora- 
men is continuous with the 

(12) Groove for the lateral &inus on the mastoid 
porcion. 
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(13) The Mastoid foramen opens into the Bin 
generally in the most posterior angle of the maeto 

(14) Insitle the foramen magnum is the opening 
the anterior eondglmd foramen for the !)th nerve. 

(15) On each side of the crest may sometimes 
seen a groore for the occipital sinus, and 

(16) In the cerebellar foseee sometimes there 
grooves for a posterior meningeal artery. 

The Fosa* on the Extekiob of the Skc: 

These are irregular hollow spaces formed hy 
junction of certain bones, and have been aire 
referred to in examining the exterior. They may i 
be noticed separately. They are five in numbe 
orbital, nnsal, temporal, zygomatie, and sphe 
mnxillary. 

Orbital fossaa (Plate XXII). Situated between 
forehead and cheek, they form two conical spi 
whose apices are directed backwards and rat 
inwards, and are filled in the natural state by the 
muscles, vesselB, nerves, lachrymal gland, ; 
fat. Each is made up of seven bones— frontal, ethmi 
sphenoid (these being median bones), and thesupe 
masillary, lachrymal, palate, and malar. 

Each may be said to have four walls. In the r 
which is formed by the frontal bone and the lei 
wing of the sphenoid, we find the^opca troehlcaruY 
its tubercle for the pulley of the superior oblique M 
the inner side, the lachrymal fossa for the lacbry 
gland towards the outer side, and the sujira-orl 
J'oramm or canal in the middle. The Joqt is fon 
by the superior maxillary and palate bones, 
in front by the malar ; in it we see the itifra-orl 
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groove for the nerve and vessels of that name, and 
just outside the lachrymal groove, a depression for 
the inferior oblique M., the tvbercle of the lachrymal 
bone at the edge of the groove, and lastly, the 
sutures of the three bones. The inner wall is formed 
by the nasal process of the superior maxillary, 
lachrymal, ethmoid, and a small piece of the body of 
the sphenoid bones ; in it we see the lachryToal groove, 
whose direction is downwards, and then slightly 
backwards and outwards, and this is of importance 
to remember in passing a lachrymal probe : in this 
wall also are seen the anterior and posterior ethmoidal 
foramina naturally occupied by vessels, and the former 
for the nasal nerve. The outer wall is formed by the 
malar and the great wing of the sphenoid, and presents 
the openings of one or two malar canals. In the angle 
between the outer and the lower wall is the spheno* 
maocillary fissure which transmits the infra-orbital ves- 
sels and nerves and the ascending branches from the 
spheno-palatine ganglion which lies in the fossa below. 

The apex is formed by the optic foramen and the 
sphenoidal fissure, the former transmitting the optic 
nerve and ophthalmic artery j the latter the 3rd, 4th, 
1st division of 5th, 6th nerves, and ophthalmic vein. 

This fossa receives therefore nine openings — optic, 
sphenoidal fissure, spheno-maxillary fissure, supra- 
orbital, lachrymal, infra- orbital, two ethmoidal, and 
malar. 

Nasal foss8B (Plate XXII). This should be exa- 
mined in a longitudinal section of the skull. It 
is situated in the middle of the face, opening in 
front by means of the anterior nares at the nostrils, 
behind by the posterior nares into the back of the 
mouth. In shape it is irregular, but essentially four"* 



Bided either in side view or in section, the outer wall 
bearing' three scroll-like hones (turhinated), each over- 
hanging; a channel (meatus) into which various cavities 
open, the inner wall being formed by the median 
septum. 

The number of bones helping; to form each cavity 
is ten — three belong; to the cranium and are median 
(frontal, sphenoid, ethmoid), the rest ail fecial, one 
median (vomer), and sis in pairs (nasal, lachrymal, 
superior maxillary, inferior turhinated, palate, sphe- 
noidal turbinated). All the bones of the (ace there- 
fore except the lower jaw and the malar are seen in 
this fossa. 

The upper mall or roof is formed by the nasal bones, 
nasal spine of the frontal, horizontal or cribriform plate 
of the ethmoid, and the body of the sphenoid ; the 
front and back parts are slopinj^. In the roof are 
seen the nasal erest and spine, the groove for the nasal 
nerve, the oljimtmy J'oramina arranged in three sets, 
the ata of the vomer articulating with the body of the 
sphenoid ; notice especially the tbinness of the cribri- 
form plate, how easily it could be perforated from 
below, and how bleeding at the nose might attend a 
fracture of the base of the skull through this bone. 

The lower mall or Jloor is formed by the palatine 
processes of the superior maxillary and palate bones. 
It is concave from side to side, continuous with the 
inferior meatus, flat from before backwards, widest in 
the middle, presents only the upper opening of the 
ante-rior palatine Joramen for the anterior palatine artery 
and nerve. 

The inner wall or septum is formed by the nasal 
crest and the nasal spine of the frontal, the vertical 
plate of the ethmoid, the vomer, the rostrum 
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of the sphenoid, the crest of the superior mazillarj 
and the palate bones, and in recent state bj_jhe 
median cartilage of the nose. This septum is smooth^ 
and is usually somewhat out of the true middle line^ 
just as the nose itself is usually not truly median. On 
it are seen grooves for the olfactory nerves, and one 
large groove or canal for the naso-palatine nerve and 
vessels. The ethmoidal portion is covered with olfac- 
tory mucous membrane. 

The outer wall is formed by the nasal bones, the 
nasal process of the superior maxillary, the lachrymal, 
the ethmoidal turbinated, the inferior turbinated, the 
palate, the pterygoid processes. On it we find the thin 
turbinated bones, the upper placed most posteriorly, 
the lower extending furthest forwards. Each over- 
hangs its own meatus, and the upper two are marked 
by small parallel grooves for the olfactory nerves, the 
lowest being irregular on its surface. 

In relation with the upper meatus we find (1) the 

posterior ethmoid cells opening into it, (2) the sphenoidal 

cells opening behind it, (3) the spheno-palatine foramen 

opening behind it and naturally filled by nerves and 

vessels. 

In relation with the middle meatus we find (1) the 

anterior ethmmdal cells opening into it, in company with 

(2) the infundilndum from the frontal sinus, (3) behind 

these the antrum qf Highm/yre opens by a large orifice 

in the skeleton, but much diminished in size by the 

thick mucous folds in the recent state. 

In relation with the lower meatus we find (1) lower 

end of the lachrymal groove opening into it in front, 

(2) the Eustachian tvbe opening behind it on the same 

level so that a probe can be readily passed along the 

floor of the nose and into the tube by directing the 
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point upwards and outwards. (3) The tmterior palatine 
foramen opens into the lower wall of the fossa below, 
and JDltrnal to the meatue. 

In the outer wall notice the delicate structure of 
the spongy bones, and bow easily violence may injure 
them, eitber by a blow or by forcible evulsion of a 
polypus from this siirfcce. Observe also how the 
lachrymal bone sends down a small process, which 
appears in this fossa. Sometimes a fourth meatus 
exists above the superior turbinated. 

The anterior and posterior boundaries are formed 
by the openings called acterior and posterior nares, 
the two anterior forming a heart-shaped outline. 

The sets of openings into each nasal fossa will there- 
fore be twelve — anterior and posterior nares, anterior 
and posterior ethmoidal cells, infuudibulum with the 
former, antrum, lachrymal groove, anterior palatine 
foramen, sphenoidal cells, spheno -palatine foramen, 
foramen for the nasal nerve, and olfactory foramina. 

Temporal fosaa (Plates XXL XXII,), Formed 
by five bones — temporal, parietal, frontal, sphenoid, 
and malar. It is limited above by the temporal ridge, 
and below by the temporo-zygomatic ridg;e on the sphe- 
noid, and by the arch of the zygoma. The fossa gives 
attachment throughout to the temporal muscle, and 
by its boundary ta the temporal fascia ; it is marked 
sometimes by grooves for the deep temporal artery. 

Zygomatic fossa. An irregularly -shaped space, 
situated below the temporal fossa, on the outer aide of 
the superior maxillary bone and external pterygoid 
process. It is formed by five bones—superior maxil- 
lary, palate, sphenoid, temporal, with the zygomatic 
arch. It consists of two parts — an anterior or larger 
part separated from the posterior by the pterygo- 



EXTERIOR OF THE SKULL. 287 

maxillary fissure ; the posterior includes the external 
pterygoid plate and part of the great wing, with the 
origin of the external pterygoid muscle. The anterior 
part is convex, and perforated by the posterior dental 
foramina. 

The openings into this fossa are therefore few, 
being only the posterior dental canals, and the 
pterygo-maxillary fissure, or triangular space between 
pterygoids and superior maxilla. 

Spheno-maxillary fossa. — A small triangular 
fossa found behind and below the back of the orbit, 
giving room for an important ganglion (Meckel's), 
and for vessels and nerves. It is formed by three 
bones: sphenoid, superior maxillary, and palate. 
Base or upper wall is formed by the body of the sphe- 
noid. Posterior wall by pterygoid processes. Anterior 
wall by the back of the upper maxilla. Inner wall by 
the vertical plate of the palate bone. Continuous with 
the fossa at three of its angles are clefts or fissures, the 
spheno-maxillary running from its anterior angle and 
communicating with the orbit, the pterygo-Tnaanllary 
running downwards and outwards, and the sphenoidal 
running forwards into the orbit. 

The openings into the fossa on its posterior wall 
are the foramen rotundum, transmitting the 2nd division 
of the 5th nerve towards Meckel's ganglion; Vidian 
canal, transmitting Vidian nerve and vessels; pterygo' 
palatine canal for nerves and vessels of same name. On 
the inner wall the spheno-palatine foramen transmits 
vessels and nerves of that name to the nose. 
Below at the apex is the posterior-palatine canal and 
one or two accessory palatine foramina. All these 
canals transmit nerves from Meckel's ganglion and 
branches from the third portion of the internal maxil- 
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lary artery. There are, therefore, six canah and 
three fissures connected with this fossa. 

Cranial Buturea. — Connecting the cranial bones 
together are twenty sutures, which have received 
special names in many instances, but are beet named 
according to the hones involved, 

(1) Inter-parietal or soffittat, deeply dentated between 
the parietal bones, and continued forwards in some 
cases as the frontal suture between the two halves of 
the frontal, This is always present in young children, 
where also the inter-parietal suture ends at the an- 
terior and posterior fontanelles ; near the posterior end 
we see one or more parietal foramina, and sometimes 
at tbe anterior end a Wormian bone. 

(2) Fraato-parietal or coronal, at right angles to the 
sagittal, passes across the top of the cranium, from one 
great wing of the sphenoid to the other; the frontal 
lies on the parietal bones above, but is overlaid hj 
them below. 

(3) Oecipita-parietal or lamMoidal is triangular, and 
extends from one mastoid portion to the other ; it is 
deeply dentated and usually contains Wormian bones. 

{4, 5) Masio-parielal. 

(6, 7) Temporo-parietal or squamous. 

(8, 9) ^lieiiO''paTietal, forms a continuous suture 
between the parietal and the temporal and sphenoid, 
extending from the coronal to the lambdoidal suture j 
it is thin and overlapping in tbe middle, slightly den- 
tated behind, and sometimes presents a Wormian bone. 

(10) Basilar, between the sphenoid and occipital 
bones, is cartilaginous in the child, and disappears m 
the adult when the sphenoid and occipital have to he 
sawn asunder in order to separate them. 

(11, 12) PetTo-oceipital, between the pefrous bone 
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and occipital, the bones being apposed with a thin 
layer of cartilage between. 

(13, 14) MastO'Occipital, slightly dentated, often 
presenting a mastoid foramen. 

(15, 16) Petro-sphenoidal, between the petrous and 
the great wing of the sphenoid; the bones being simply 
apposed a sutura apposita or harmonia is formed. 

(17, 18) Sqtuimo-sphenoidaly between squamous and 
the great wing of the sphenoid, a sutura limbosa, the 
bones being cut obliquely and serrated. 

(19) Sphenoidal^ between the sphenoid and the bones 
in front — viz., frontal, ethmoid, and sphenoidal tur- 
binated. 

(20) Ethmoidal^ or fronto^ethTnoidal^ between the 
broad margin of the frontal around the ethmoidal 
notch and the upper cells of ethmoid, and in it are the 
cells and the ethmoidal foramina. 

Cranio-faoial Sutures — 

(1, 2) Fronto-nasaly horizontal between the nasal 
spine of the frontal and the nasal bones. 

(3, 4) Fronto-maanHary^ between the internal angle 
of the frontal and the nasal process of the superior 
maxillary. 

(5, 6) EthTTuMo'lachrynialy a thin perpendicular 

suture. 

(7, 8) EthinoidO'Tnaofittary, a horizontal thin suture, 
seen like the last in the orbit on its inner wall. 

(9, 10) Fronto-malar^ thick, between the external 
angular process of the frontal and the frontal process 
of the malar. 

(11, 12) Spheno^mdU^y behind the latter in the tem- 
poral and orbital fossae. 

(13, 14) Temporo-Tnalary oblique, bevelled, forming 
part of the zygomatic arch. 

u 
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the orbit and in the 



(16, 16) Spheno-pali 
spbeno-in axillary fosEa. 

(1?, 18) Sfi/i^no-vumeral. ea 
or Bchindyleais between the al 
body of tbe sphenoid. 

(19, 20) Erhnwido-turbinal, 
aad the ethmoidal process of 
bone. 

(21, 22) Ethmoido-imlatii 
the orbital jirocoss of the pall 
the ethmoid. 

Facial Buturoa. — These have already been de- 



invaginated articulation 
lie of the vomer and the 



between the ethmoid 
the inferior turbinated 



seen in the orbit between 
and the os planum of 




ofdiploe. 



scribed with the several facial bones, and need I 
special description. 

Substance of the cranial bones (Pig-, 66). — The 
diploe is traversed by venous canals, which can be 
shown by filinj^ off the outer table. They are irre- 
gular, but are arranged in three sets : frontal, tem- 
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iral; and occipital. The frontal and temporal open 
ternally^ the occipital into the lateral sinus. After 
juries to the head these veins may become inflamed 
id give rise to the disastrous effects of phlebitis — 
very serious complication in bone injuries. 



u2 




P0NTANELLE3.— Plate XXII. 



These &re tbe larger membranouE spaces found 
between adjoining Bkull-bones, wben ossification has 
not yet been completed, and lake their names from 
tbe fact that tbe brain can here be felt to pulsate 
fountain -like. There are two large fontanelles situated 

the middle line, and called anterior and posterior, 
and there are four smaller ones, two on each side, 
corresponding' with tbe lower anterior and posterior 
angles of tbe parietal bones. 

The anterior fontanelle is large, diamond -shaped, 
owing to the four sides from which ossification ia 
proceeding. It usuallj closes about tbe first or 
Hecoad year after birth. 

The posterior fontanelle is smaller, more triangular, 
ossification proceeding from three centres; it is situated 
at tbe junction of tbe occipital with the parietal bones. 
It is usually closed a few months after birtb. 

Tbe lateral fontanelles are small, the anterior beinj 
Bituated between the parietal, frontal, sphenoid, and 
temporal ; the posterior between the parietal, occipiKil, 
and mastoid; they are both closed shortly after 
birth, and they both present not uncommonly one or 
more Wormian or inter-sutural bones. 

The presence of the fontanelles allows, no doubt, of 
much more ready adaptation of tbe brain to the 
pressure to which it is exposed during its passage 
through the pelvis. The brain being inelastic and 
of great delicacy of structure, provision must be 
made for its protection, and at the same time the 
maternal parts have to be protected against injurv. 
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The sutures, especially those seen at the vertex, provide 
for a certain amount of overlapping, and a consequent 
nioulding of the head of the <;hild to the sur&ce 
against which it is forced ; the firnmess and unyielding 
nature of the base protect the most important part of 
the brain from injury, while tlie fontanelles by their 
yielding allow of the temporary disturbance of thfe 
upper or unattached portion of the brain. 

Gases are not uncommon in which the fontanell^b 
do not close at the usual time, but remain even 
permanent as fibrous structures. These are cases iH 
which development has been interfered with at thes^ 
spots, generally in consequence of disease. Tubercle 
of the brain is one of the commonest causes of this 
want of development. A child should always be 
examined as to the condition of the fontanelles, for it 
is a sign of unhealthy condition if they be abnormally 
open. 
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INTERIOR OF THE TEMPORAL 
Plate XXIII, 

If ft section be made through tlie temporal Ijone, 
from the entetnal to tlie internal auditory meatus, 
the petrous bone is seen to be perforated by nume- 
rous cftvities and canals. If the section be made 
carefully, and the bone cleared away above, the 
arrangement of these cavities and canals can be 
demonstrated, and another section may be made as 
in Plate XXIII,, by sawing; vertically along^ the line 
of the Eustachian tube. 

It will then be seen that there are three parts mto 
which the general track is divided— -(1) external 
auditory meatus, leading from outside to the mem- 
brane ; (2) tympanic cavity, between the membrane 
and a perforated inner wall; (3) internal ear, in- 
cluding (a) a central cavity, the vestibule j (b) a spiral 
tube in front of this, the cochlea; (c) three curved 
canals, the semicircular canals springing from the 
upper and back part of the vestibule ; and lastly (rf) 
the internal auditory meatus, 

Ext«nial auditory meatus is trumpet- shaped, its 
lower wall longer than its upper, raised in the middle, 
where it is narrowest, so that a hollow exists between 
the eminence and the membrana tympani, or mem- 
brane which closes its inner end; the meatus is directed 
inwards and slightly forwards, and in the natural 
state is prolonged as a cartilaginous tube outside ; 
over the orifices of this the tragus projects as a lid. 
The Glasserian fissure runs along the upper and front 
surface, and only a thin plate of bone separates 
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the meatus from the glenoid cavity, so that injury to 
the meatus may result from a blow upon the chin, 
acting" through the articulation of the lower jaw. 
Below and behind the Glasserian fissure the curved 
plate of bone forming- the wall results from the de- 
velopment of a ring nearly surrounding" the mem- 
brane, and easily seen in the foetus. 

(2) Middle eax or tympanum ig the flattened 
irregular space between the membrane and the 
honeycombed bone inside : it possesses certain little 
bones or ossicles, and communicates with the pharynx 
by means of the Eustachian tube. Examining" this 
cavity we find it is limited by six sides. On the 
outer wall in the recent state is the Tnembrana tym/paniy 
fitted into a grooved ring", which is incomplete above ; 
the membrane is placed obliquely at an angle of about 
45®, so that its lower edge projects inwards, and is 
not flat but concave outwards, owing to the handle of 
the malleus being in its substance, and fixing it; 
the tip of this handle can be seen through the thin 
membrane in tiie healthy man, as a prominent reflect- 
ing spot in the centre of the membrane. In the 
outer wall are three openings — {a) iter chorda posterittSy 
close behind the edge of the membrane opposite its 
centre, for the entrance of the chorda tympani nerve ; 
(b) Glasserian Jissurey giving transmission to the laxator 
tympani M., and a process of the malleus (processus 
gracilis); (c) iter chorda anteriuSy or canal of Huguier, 
just above the Glasserian fissure, for the exit of the 
chorda tympani nerve. The membrane is for the pur- 
pose of collecting and communicating vibrations of 
sound from the external to the internal ear, through 
the chain of ossicles. 

Inner wall not vertical, but looking outwards an^ 
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downwards, perforated by (a) J'enesira ovalu, an oval 
openinj;; leading to vestibule, and filled by the baae 
of the stapes; (b) fenestra rotunda, au irregular opening 
below the ovalis and ieadinf^ to the cochlea, but dosed 
by membrane. Between these two opening's is a promi- 
nence, the prumontory, which is really due to the 
bulging of the first turn of the cochlea ; it overhangs 
the fenestJa rotunda very much, and is marked by 
grooves and canals for nerves (tympanic plexus). One 
groove enters the carotid canal, and allows of the 
junction of a branch of the tympanic with tlie carotid 
plexus of the sympathetic; another passes to the 
jugular foramen, and transmits the small superficia! 
petrosal to the otic ganglion ; and a third transmits 
a branch to the great superficial petrosal of the 
Vidian. 

Above the fenestra ovalia there is a horizontal 
eminence which, when traced backwards, is seen to 
pass perpendicularly downwards behind the fenestra 
ovalis; it is the aqueduetua Fallopii, and carries the 
fecial nerve to the stylo-mastoid foramen below. In 
front of the descending portion is a small promi- 
nence, the pyramid, perforated at the top by an 
opening for the tendon of a muicle, the stapedius. 

Posterior wall wider above than below. It sliows the 
openings of the masloid cells or cavities in the mastoid 
portion of the bone, which naturally contain air. 

Anterior tvall presents two long canals, the low» 
being the larger. The upper or oanalfor the tensitr tym- 
pani lodges that muscle, and at its ending in the 
tympanic cavity forms a small perforated ])rominence, 
the anterior pyramid, through which the tendon of the 
muscle runs. The lower canal is the bony part of tha 
Buitadiian, tube, and is smaller towards the b 




ny part oi tna i 
le base of the 



OSSICLES OF THE EAR, 297 

skull, where it is continued aa'the cartilaginous tube, 
which opens behind the inferior meatus into the nasal 
,^£sa. Between the two canals is the plate of bone 
id processus coeklearifonais. It must be noticed 

,t the Eustachian tube is only separated irom the 
LFOtid canal bj the thinnest possible plate of bone. 
Hence injury or disease may extend from one to the 
other. 

L&mer wall narrow, only separated from the jugular 
fossa by a thin plate of bone, hence it is possible for 
disease to extend from the tympanic cavity to the 
jugular vein, and a patient may die of bleeding from 
tbis vein as the result of ulceration proceeding from 
the tympanum. 

Upper wall thin, separating the tympanic from the 
cranial cavity; disease may extend from the tympanum 
through this wall to the membranes of the brain. 



THE BAB. — PLATE XXIII, 
SjnouymB : Q. Das Beinoben. Fr. Ouelet. 
Pour hones are articulated togetlier in a curious 
form, and cross the cavity of the tympanum from 
the membraua tympani to the fenestra rotunda. 
They are in order from without inwards — malleus, 
incus, orbicular, and stapes. 

MALLEUS. 
SynonymB ; E. Hararaer. G. Daa Hammer. Pr. L« marteau. 
It is supposed to be like an ancient hammer, and 
consists of ft head, neck, and three processes. Head 
is the largest part, rounded, one side of it fitting into 
the concavity of the incus, suspended by a ligament 
jirom the roof of the tympanum. Neck is the con- 
Btricted part below tho head, HaadU is embedded in 



the membranft tympani, curved forwards at the tip, 
which correspoTidB with the centre of the membrana 
tympani, the lower edge of the handle being' abmost 
horizontal, owing to obliquity and concavity of the 
membrane. Processus graeilis running forwards, long, 
slender, bent, lies in tbe GlaBserian fissure, through 
which it was continued in the fcetus as Meckel's 
cartilage in the inferior dental canal to the symphysis 
of the lower jaw, where it unites with the cartilage of 
the opposite side ; the laxator tympani M. runs in the 
Glasserian fissure and is attached near the root of this 
process. Prooesma brcnis, Q small tubercle which pro- 
jects from near the junction of the handle and the 
processus gracilis, makes the lower border of handle 
more horizontal, lies in contact with momlirana tym- 
pani, and gives attacbtnent to the tensor tympani M, 

INCU9. 

Synonyms ; E, Anvil. 0. Der Amboss. Fr, L'enolmne. 

Resembles a bicuspid tooth with divergent fengs, 
was named from a fancied resemblance to aa 
anvil, posgesses a body and two processes. Bodg 
flattened, one angle prominent and rounded, one side 
(anterior) concave to receive the head of the malleus. 
Short proeess projecting directly backwards, attache(3 
near the orifice of the mastoid cells. Lonij p7vees» 
nearly parallel with the handle of the malleus, but 
curved upwards at the rip, where it is capped by the 
orbicular bone. 

ORBICULAR BONE. 

SynonyniB : G, Das rande Ohrbeinolien. tr, L'orbicnliuTB^ 

L, Lenticulsre. 

The smallest bone in the body/ sometimes looked 

upon as only an epiphysis to the incus. 
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STAPES. 
Synonyms : E. Stirrup-bone. O. Der Steigbiigel. Fr, L'6trier 

Stirrup-shaped, runs at nearly right angles to the 
direction of the handle of the malleus, and therefore in- 
clined upwards and outwards to be fitted into the fenes- 
tra ovalis. Head is a small boss, sometimes hollow with 
a central column (as in the specimen irom which the 
engraving is taken) ; it articulates with the orbicular, 
and is slightly constricted below to form a neck, into 
which the stapedius M. is inserted. Branches grooved 
on opposed surface, not quite equal, the posterior 
branch being more bent. Base oval, fitting into the 
foramen ovale, lower edge straight, upper curved, 
margin grooved. 

(3) Internal ear. — This includes three parts : vesti- 
bule, semicircular canals, and cochlea, which together 
constitute the bony labyrinth. The vestibule occupies 
a median position, the cochlea lying in firont and the 
semicircular canals mainly behind. 

VESTIBULE. 
Synonym : 0, Der Vorhof, 

A small ovoid cavity, wider above than below, 
marked on its inner wall by a horizontal crest, 
above which is a depression {fovea hemielliptica), and 
below another smaller one (the fovea hemispherica). 
The vestibule is occupied by fluid, in which are sus- 
pended two sacSy upon which the auditory filaments 
are distributed. Into the vestibule open (1) the 
fenestra ovalis, (2) apertura scala vestibuliy an oval 
hole below and in., front of the fenestra ovalis and 
leading into the external scala of the cochlea, and (3) 
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the ostium internum. aquedHCtm vestHuli, a small orifice 
on its inner wall for a vein ; tliis orifice is situated 
just beloTC and in front of the coiamon opening of dM 
two vertical semicircular canals. Lastly, there are 
the five openings of the semicircular canals. 

The semioircular canals are three curved tubes, 
one being horizontal and two vertical, arranged each 
at right angles to the others in the same manner as 
the sides of a cube. They represent, in feet, the 
three directions of space. The superior vertical has 
its convexity directed upwards ; the poitenor vertical 
has its convexity directed backwards ; and the external 
horizontal has its convexity directed outwards. The 
inner leg of the superior vertical and the upper leg 
of the posterior vertical unite about two lines Irom 
their termination to form a common canal, which opens 
by a sinple aperture at the inner and bauk part of the 
roof of the vestibule. Each of the four remaining 
legs of the canals open into the vestibule by a separate 
aperture. Each canal has one extremity dilated to 
form an amjmlla. They are occupied hy fluid in 
which membranous canals float, and upon the 
ampullie are distributed some of the terminal fila- 
ments of the auditory nerve. 

The cochlea resembles a small snail shell, and 
consists of a conical central axis (modioliu), around 
which B. canal is wound spirally for two and a half 
turns, and of a delicate lamina {lamina spiralis msm) 
which is contained within the canal, follows its 
windings, and subdivides it into two. In this cochlet 
a special structure is found (the organ of Gorti), whos* 
function appears to be to determine the musical notes 
of sound. 

Internal auditory meatus, a straight caoal 
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seen in the interior of the base of the skull. At its 
bottom are seen : (1) a large opening for the facial 
nerve, being the commencement of the aqueductus 
Fallopiiy which ends at the stjlo-mastoid foramen ; (2) 
a number of small perforations behind and above for 
auditory filaments to the vestibule ; (3) a horizontal 
erest below these ; (4) a depression with small per- 
forations for nerves going into the modiolus of the 
cochlea; (5) other small perforations for nerves ta 
the inner wall of the vestibula. 
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HYOID EOXE.— Plate XXIII, 

Synonyms : B. Tongue boae. G. Das 
Ft, Lliyold. 

Siluation. — This bone is situated in the tbroat, at 
the base of the tongue, and can be easily telt from 
outside. 

Shape. — U-shaped, forming a bony arcb. 

Parts. — It consists of a body, two great cornua, and 
two smalt cornua. 

Bod7 is the central portion, flattened from before 
backwards, but placed rather obliquely, its under 
surface bevelled posteriorly to receive the upper edge 
of the thyroid ; convex f^om side to side anteriorly, 
and marked by a median ridge, on each side of which 
are depressions for muscles. 

Lesser oornu conical, springs from the outer 
extreme of the body, runs upwards and backwards, 
receives the attachment of the ati/lo-hyoid ligament, 
and gives origin to muscles (middle constrictor, kyo- 
fflossus). This process remains separate till old age. 

Great oomii projects backwards as a continuation 
of the body, but is developed from a different centre j 
it becomes smaller towards its free eitreniity, when it 
again enlarges slightly, and gives attachment to the 
lateral thyrohyoid li^ameat. Along its upper edge is 
the attachment of the middle constrictor and kyoglosMs 
naiseles, and along its lower the thyrohyoid miuele. 
This process unites with the body about middle 
life. 

— Fi'om five centres — 1 for body, 1 for 
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Connexions. — To thyroid cartilage, styloid process, 
and epiglottis. 

Muscles attached, ten or eleven — sternohyoid, thyro- 
hyoid, omohyoid, digastricus, stylohyoid, mylohyoid, 
geniohyoid, geniohyoglossus, hyoglossus, middle con- 
strictor, and sometimes lingualis. 




LARYNGEAL CARTILAGES.—Pl. 

These are only mentioned here in order that tliaff" 
relation to the hyoid bone may he understood. In 
the larynx are nine cartilages, nearly nil of wliich 
have a tendency to ossify in old age. The upper 



EPIGLOTTIS, 

Synonym : 0. Der Kelildechel, 
Is a leaf-shaped fibro -cartilage placed behind the 
tong^ie, and covering the entrance to the air-passages. 
This is attached by its stalk to the thyroid cartilage. 

THTHOID CARTILAGE, 
Synonym : O. Der SchUdknorpel. 
This Ib a shield (fluptdt), whose two halves or ala 
unite in the middle line to form the pomtim Adami 
It has two comua projecting above, and two below at it* 
posterior limit, and its alas are marked by an oblique 
line, bdicating the attachment of muscles. 



CmCOID CARTILAGE. 
Sjnooyni : Q. Der EingknorpeL 
This forms a complete ring {«p'Kor) below the thyroid. 
It is much deeper behind, its upper edge sloping up- 
wards behind and supporting the arj-tcenoid cartilages. 

AHYTJENOID CARTILAGES. 
Synonym : Q. Dar Giessbecken knorpel. 

Two in number, pyramidal in shape, each having 
three concave sides. These cartilages are of great 



LARYNGEAL CARTILAGES. 305 

importance, as the vocal cords stretch between them 
and the back of the pomum Adami. 

Other small nodules of cartilage called cuneiform 
lie in the upper vocal cords, and the comicula are 
small nodules immediately above the arytaenoids. 




BONY LANDMARKS. 

TTnder this title it is intended to draw attention to 
the various points of bone which can be felt or seen. 
through the skin in the living body, and to notice 
their relation to one another ; and the student should 
make himself thorouj^hly acquainted with these 
points, since thej are of paramount importance in 
determining the nature of injuries and of certiun 
diseases and deformities. What is normal and what 
is abnormal is the first difficulty which presents itself; 
but we have fortunately a means almost always at hand 
to assist US in discovering; this, and the means is so 
simple that it is often overlooked. We have only t» 
compare the one limb or side with the other, and we 
oug;ht, on careful examination, to detect any difference 
in form, mohUity, and power. There are cases, 
however, in which such comparison is rendered im- 
possible, owing to previous deformity, or to both 
liinhs being the seat of present injury, and in such 
cases a knowledge of the normal relation of bon]f 
points is an absolute necessity. The anatomist 
oun;ht to see in his patient a transparent beinft, 
and should be able to picture in his mind the 
various structures of the body as they lie naturally 
grouped and connected together ; and first of all ia 
importance is the knowledge of the framework upon 
which the softer structures are placed. This frame- 
work can be traced by manipulation through the 
skin, and in the following notes the importance of 
each distinguishable point will be referred to. 

It will be evident that the possibility of feeling 
many of the bony points will depend entirely upon 
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the amount of fat which covers the bones, and there- 
fore in following out these remarks it will be well 
to select a moderately thin subject. 

Skull. — ^The outline of the skull-cap is generally un- 
symmetrical : it is broadest at the parietal eminences, 
which in an ordinary adult skull are easily felt about 
four inches above the tip of the mastoid process. The 
parietal eminences are very liable to injury from their 
being most prominent, and the skull is therefore pro- 
portionally thick and dense in this situation. 

The frontal eminences are readily visible, and in 
some persons are very prominent. The glabella or 
swelling over the frontal sinuses is similarly distinct 
in certain individuals, and usually extends a short 
distance into the brows : even when no bulging 
occurs on the surface, the sinuses usually exist in the 
adult, owing to the inner table being thrown back. 
Phrenology is at feult when it locates important 
mental faculties in the bulgings of air-spaces. Along 
the edge of the orbit the supra-orbital notch can 
often be felt about the junction of the inner with the 
middle third, and it must not be mistaken for a 
fracture ; the two sides are often different, one 
possessing a notch, the other a foramen not easily 
felt. The eyebrow lies over the supra-ciliary ridge. 

On the side of the head commencing from the ex- 
ternal angular process of the frontal, which is easily 
felt and seen, we notice the temporal ridge, and below 
it the temporal fossa is seen filled by the temporal 
muscle; this is made to stand out in strong relief 
when the teeth are firmly clenched. When bleeding 
has taken place in this fossa, it is limited by the 
attachment of the temporal fascia along this line above 
and by the zygoma below. In wasting diseases when 

x2 
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emaciation has occurred, the temples become hollow 
jrom the ahsDrptian of the fat aad tissues usually 
occupying this fossa, and the bones become abnor- 
mally distinct. 

The orifice of the ear does not correspond ac- 
curately with that of the external auditory meatus, 
since the cartilai>inoua tube outside descends con- 
siderably on leaving tiie temporal bone. The orifice 
is ultimately overlaid in trout by the tragus, a small 
piece of fleshy tissue which acts as a valve to the 
tube, and being- covered with hair something; like a 
goat's beard receives the name of tragus. In con- 
sequence of the alterations in direction in the meatus, 
it is necessary to puli the ear upwards and backwaids 
in order to look into it with a speculum. 

The mastoid process is distinct liehiud the ear, and 
is important aa it lies immediately over the condyles 
of the occipital bones, which are not more than aa 
inch and a quarter distant from the tip. It is rouad 
the line joining the two mastoid processes that 
movement occurs Jn fiexion and extension of the 
Lead. The mastoid process is hollowed out by air- 
spaces, and suppuration may occur in these and 
require trephining, but if hamorrhage has occurred 
within the skull it is useless to trephine over the 
mastoid process for the purpose of letting the blood 
out. Immediately below the mastoid process the tissues 
are dense, but the tip of the transverse process of the 
alias may be felt moving with the head in its rotai^ 



The occipital protuberance is distinct behind, and 
it is here that the maximum thickness of the skull is 
reached, being often three-quarters of an inch thick 
in this situation. The skull varies much in thickness, 
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but usually this can be estimated by the size and 
character of the bones generally ; where bones are 
large and the processes well marked, the skull is 
usually thick ; in delicate subjects the bones are usually 
thin, and the skull has been known to be almost as thin 
as paper. In certain races (Negroes, Irish, &c.) and 
in certain diseases (osteoporosis) the bone is unusually 
thick. These remarks are necessary in reference to 
the operation of trephining or sawing through the 
skull, and it must be borne in mind that the inner 
surface is often not parallel with the outer, and con- 
sequently great care must be used to avoid going too 
deeply and injuring the brain. 

The cerebrum occupying the skull extends as low 
down as a line drawn from the external angular pro- 
cess of the frontal to the external auditory meatus and 
on to the occipital protuberance. The lower limit of 
the cerebellum is indicated by a line drawn horizon- 
tally through, near the tip of the mastoid process. 

The external angular process of the frontal is an 
important landmark, because the large anterior branch 
of the temporal artery is found pulsating about a finger's 
breadth behind it, and the main trunk of the same 
artery can also be felt, not quite a finger's breadth 
in front of the ear, as the vessel crosses the zygoma. 
These arteries have occasionally to be opened. 

FSrOe. At the inner angle of the orbit above, one 
can, on pressing firmly, feel the Pulley, or Tubercle, 
for the superior oblique, and at the outer angle 
above, one may distinguish the lachrymal gland when 
it is enlarged. At the inner angle below we may 
discover the lachrymal groove, which is now filled by 
the lachrymal sac. This sac receives the tears by 
means of two canals which open at the inner end of 
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each lid by a small point-like orifice called the punc- 
tum, and the sac transmits the fluid to the nose hj 
the inferior meatus. Hence when tears rise in tlie 
eyes, blowinp of the nose will tend to clear them away. 
The groove for the lachrymal eac runs in the substance 
of the bones in a direction downwards with a slight 
inclination backwards and outwards, and this maet be 
followed in passing a probe or knife into the lachrymal 
sac for ohstniction. It is strange that so delicate a 
structure as the lachrymal sac is not more liable to 
disease or injury; but against injury, from outside, 
it is protected by the facial bones ; we have knovfn, 
however, of one instance in which violent blowing of 
the nose was followed by escape of air into the cellu- 
lar tissue of the orbit, and under the conjunctiva as 
far as the edge of the cornea, and assume that tlie 
sac must have been ruptured towards the upper end, 
but the return of air into the sac, from the nose, is 
usually prevented by a valvular fold of mucous 
membrane. 

On the nasal bones the small notch in the lower 
edge is readily felt, but the nasal cartilages obscure 
the outline of the nares. On looking into the nose 
by pressing the tip upwards and backwards, it is 
possible to see the anterior end of the inferior tur- 
binated bone, when the nares are large, and the 
healthy, red, shining mucous membrane covering it 
must not be mistaken for disease or for a foreign 
body. In the same view too it may be noticed that 
the septum is not usually median, but diverges to one 
side. 

A bent probe passed along the floor of the nares, 
can be made to enter the Eustachian tube readily, and 
this has to be done when deafness is due to blacking 
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of this tube. It will be seen when a section of the 
skull is examined; that the orifice of this tube is 
placed from one and a half to two inches behind 
the anterior nares. 

The incisive and canine fossae can be felt through 
the skin of the face, and the latter is surgically 
important because it is the point usually selected for 
boring into the antrum, and anatomically important 
because the infra-orbital vessels and nerves pass 
through the upper part of it. The foramen lies in 
the same vertical line as the supra-orbital. 

The malar tuberosities and superposed malar 
bones are readily felt and a line drawn from the 
lowest point of the prominence to the middle of the 
lower edge of the orbit, marks the malo-maxillary 
articulation ; it is through this part that the saw is 
carried in removing the upper jaw, but the spheno- 
maxillary fissure has to be opened so that the section 
is made rather more perpendicularly, for the fissure 
lies at the lower outer angle of the orbit. The pro- 
minence of the cheek-bones gives a peculiar expression 
to the face, which is distinctive of certain races, but 
the prominence is often more apparent than real, as 
the hollow below the cheek-bones when deprived of 
its fat by wasting disease becomes exaggerated and 
shows up the cheek-bones into prominence. 

In front of the ear is felt the tubercle of the 
zygoma, and by placing the hand over the condyle of 
the jaw the bone can be felt working in the glenoid 
cavity. When the mouth is open wide the condyle 
advances on to. the eminentia articularis, and if the 
mouth be opened too wide, the bone slips forwards 
and remains dislocated. A line drawn from the 
condyle to the angle of the jaw indicates the posterior 
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margin of tlie ramuB, and betweea it and the ear is 
tLe parotid gland. Incisions may be made to any 
deptJi in front of this line when there is Euppiiration 
here, but it must be lemembered that the parotid duct 
runs across the jaw in a line drawn from the lower 
edge of the lobe of the ear to midway between the 
nose and the upper lip. About an inch and a half in 
front of the ang^le, a depression is felt in the edge of 
the bone, and the facia! artery is here felt pulsating' 
immediately in front of the masseter muscle. 

In the mouth, the hamular process is felt on the inner 
side of the last upper molar tooth, and the internil 
pterygoid plate can be traced upwards from it; whiie 
on the outer side of the last molar the back of the 
antrum and the external pterygoid plate can be dis- 
tinguished. The anterior border of the coronoid pro- 
cess can also be easily felt, and on the inner side of 
this is a recess where an abscess of the temporal fossa 
may burst or be opened. The finger should also ba 
made lamiliar with the feel of the posterior nares, ths 
tonsils, and the back of the feuces, so as to be able t» 
distinguish when these parts are the seat of disease. 
In searching for enlarged submaxillary lymphatia 
glands, one finger should be placed in the mouth 
while the other manipulates outside below the jaw, 

Nedk.. The upper cervical spinous processeB can- 
not be felt owing to their being deeply placed under 
a strong fibrous ligament (the ligamentiim nuchee), 
which stretches from the occipital protuberance lo 
the seventh cervical, but the last cervical spinouB 
process is very prominent, and is called therefore the 
vertebra prom in ens. 

On the sides we can feel the transverse processei, 
the first being distinguishable deeply under the 
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mastoid process. These projecting points of bone 
are important as guides in operations for the removal 
of tumours in the neck. The seventh transverse 
process can be felt by pressing deeply in the upper 
part of the supra-clavicular fossa, and occasionally a 
supernumerary rib projects from this, and by press- 
ing forwards the subclavian artery may give the im- 
pression of an aneurism existing in this situation. 

In front we can feel the body of the hyoid, and 
can distinguish the whole length of the cornua. 
They may be broken when a person is throttled. 
Below the hyoid is a gap between it and the thyroid 
cartilage, behind which is the apex of the epiglottis, 
and the outline of the alse of the thyroid cartilages 
with the cornua can be readily made out. Between 
the thyroid and the ring of the cricoid is a small 
space, through which the incision is made in per- 
forming laryngotomy. Below the cricoid the trachea 
is felt, and about five or six of these are usually 
found above the level of the sternum : the upper ones 
of these are divided in the operation of tracheo- 
tomy. 

By pressing deeply in the supra-clavicular space, 
under the edge of the sterno-mastoid muscle, we may 
distinguish the angle formed by the scalenus anticus 
muscle and the first rib, and upon the latter in this 
situation a tubercle is sometimes felt. It is here that 
the subclavian artery is compressed, when we wish 
to arrest haemorrhage from the axillary or brachial, 
and it is here that the subclavian artery is to be 
found in the operation for tying it. 

Chest. It must be remembered that the upper 
opening of the chest is very obliquely placed, so that 
the upper border of the sternum is usually on a level 
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with the lower edge of the bodj of the second doTsal 
Tertebra. 

The ribs should be traced from above downwards, 
and the following rules* will assist the student of 
anatomy. 

1. The transverse projection, slight, but always to 
be felt, at the junction of the first with the second 
piece of the sternum, corresponds with the level of 
the cartilage of the second rib. 

2. The nipple in tlie male is placed generally 
between the fourth and fifth ribs, about three- 
quarters of an inch external to their cartilages. 

3. The direction of the fifth rib corresponds with 
the lower edge of the pectoralis mnjor. 

4. A line drawn horizontally from the nipple 
round the chest cuts the sixth intercostal space mid- 
way between the sternum and the spine. This is a 
useful rule in tapping the chest. 

5. When the arm is raised, the first visible digita- 
tion of the serratus magnus corresponds with the 
sixth rib. The three lower visible digitations corre- 
spond respectively with the seventh, eighth, and 
ninth ribs. 

6. The scapula covers the ribs from the second to 
the seventh inclusive. 

". The eleventh and twelfth ribs can be felt even 
in corpulent persons. 

The coracoid process can be felt by pressing below 
the hollow of the clavicle, and the spine of the 
scapula should be traced in its whole length. TJie 
fingers may be inserted below the inferior angle (rf 
the scapula, and in examining for fracture of the bone, 
the angle should be held firmly by passing the thumb 
* Hfilden, in " Barthol. Hosp. Kepa.," vol. ii. p. 407. 
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and fingers along the axillary and vertebral borders 
respectively, while with the other hand the spine and 
upper part may be manipulated. 

The apex of the heart beats between the fifth and 
sixth ribs, about two inches from the nipple, and one 
inch to its sternal side. Behind the third intercostal 
space, close to the left, of the sternum, lie the aortic 
valves, and the sound due to their closure is heard 
distinctly along a line from this point to the junction 
of the second right costal cartilage with the sternum : 
this latter point corresponds with the commencement 
of the transverse part of the arch of the aorta. The 
junction of the third left costal cartilage with the 
sternum indicates the position of the pulmonary 
valves. The mitral valve lies behind the third inter- 
costal space, about an inch to the left of the sternum, 
and the tricuspid behind the middle of the sternum, 
about the level of the fourth costal cartilage. 

It is especially worthy of notice that the lungs 
project into the neck about an inch and a half above 
the clavicles, and that the anterior edges of the lungs 
of opposite sides come together behind the middle 
piece of the sternum, but diverge below, the left one 
running along tl^e level of the fourth rib, the right 
along that of the sixth. 

Abdomen. It is worthy of notice that the um- 
bilicus or navel is usually opposite the third lumbar 
vertebra, and that the lower end of the aorta will be 
compressed if the thumb be pressed in deeply against 
it, a little on the left side of the spine. This fact is 
taken advantage of when amputation has to be per- 
formed at the hip-joint, or when the flow of blood 
has to be checked through an aneurism below. 

The spine and crest of the ilium, the spine and 
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arch of the piibeB, the tulierosity of the iBcliium, and 
the spioe of the ischium, can all be reaiiily made out 
by prcKsuro. A line from the anterior superior spine 
of the ilium to the epine of the puhes indicates the 
position of Poupart'e ligament, above which passee 
an inguinal, and below which a femoral hernia. The 
Bpine of the puhes is often a specially usei\il {^uide in 
distinguishing' hetween these two forms of rapture : if 
the spine can be felt outside the hernia it is in^inal, 
if inside it ia femoral. Frequently it is difficult to 
detect the pubic spine if the subject be fat, but if so, 
it is readily made out when the finger is carried from 
below upwards, invaginating a portion of the scrotum 
or labium, and by the same means it is easy to feel 
the margins of the exterior abdominal ring, through 
which an inguinal hernia may descend. The spine 
of the puhes is about on a level with the top of the 
great trochanter. The spine of tlie ilium lies on a 
higher level, and is the most distinct of the bony 
points in this neighbourhood. It is from here that 
measurement is usually taken in comparing the 
length of the lower limbs, and a caution must be 
given with reference to preserving the level of these 
spinous processes. There is always a tendency after 
injury, hut more especially after disease,, for the 
pelvis to be tilted, the spino of the affected side being 
raised sometimes to the extent of two inches; and 
consequently the apparent length of the limb will he 
greatly modified. Try this with a healthy person, 
and you will find that a tilting of the pelvis will 
make an apparent difi'erence of nearly two inches, 
and a difference by measurement of nearly an inch. 
It is important to remember that a line drawn from 
the anterior superior spine of the ihum to the tube- 
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rosity of the ischium should pass immediately above 
the great trochanter of the femur, and if the trochanter 
be above this line, it must be displaced upwards. 

From the rectum it is possible to feel, by means of 
the finger, the tuberosity of the ischium, the spine of 
the ischium with the sciatic ligaments, the arch of 
the pubes and the symphysis, and posteriorly the 
front surface of the coccyx and sacrum, as far as the 
promontory. The whole cavity of the pelvis can be 
thoroughly explored by this means, and the help 
which is afforded to diagnosis by manipulation in the 
rectum is especially useful. 

The angle of junction between the sacrum and 
coccyx is often very prominent, so that after a fall on 
the buttocks it is quite possible to mistake this for a 
fracture or malformation, unless the surgeon is aware 
of the frequency with which this projection occurs. 

Upper Extremity. At the shoulder the student 
should make himself thoroughly acquainted with the 
feel of the head of the humerus in its different move- 
ments, and examine it from the axilla, below the 
clavicle, and below the spine of the scapula respec- 
tively. The axillary border of the scapula should be 
traced upwards to the glenoid cavity, the edge of 
which can be distinguished while the humerus is 
rotated : in cases of doubtful injury about the joint, 
this manipulation is very important, and is the chief 
means by which he forms a diagnosis. Further 
assistance may be gained by measuring the circum- 
ference of the joint and the length of the limb, and 
in both cases the tip of the acromion is the fixed 
point from which measurement is taken. 

If the finger be carried along the front surface of the 
clavicle, a projecting: tubercle may often be distin- 
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fished aboat the juaction of the middle and outef 
thirds, and this may be mtstakea for the edge of a 
fracture, but an error of this kind may usually be 
avoided by examining the opposite clavicle. The tip 
of the acromion is sometimes difficult to define with 
sufficient clearness to insure accurate measurement, 
but usually there is a tubercle placed rather at the 
back of the acromion, which aifords a very distinct 
landmark. Sometimes the acromion forms a separate 
or even a jointed epiphysis, and tliis condition, which 
is, however, very rare, may give rise to au erroneous 
impression of fracture : it may be avoided by examin- 
ing the opposite shoulder. 

The line of articulation between the clavicle and 
acromion should be made out, about an inch inside 
the tip of the shoulder. It is not very uncommon for 
dislocation to occur here, and when this happeaa, the 
whole shoulder drops while the clavicle projectB 
above it. The author has twice seen this condition 
mistiiken for dislocation of the humerus. But such 
an error ought not to be made, for when the head of 
the humerus is dislocated, the clavicle and acromion 
are continuous, and the shoulder is hollowed out 
below the acromion — not filled out as it should be by 
the head and tuberosities of the humerus. 

By deep pressure in the axilla we may distingiiish 
the bicipital groove, which looks directly forward when 
the elbow is brought to the side : it may be mistaken 
for a fracture. We may also feel the ribs whose 
rounded surfiices may, as the finger slips over them, 
give the idea of hard glands or abnormalities, unless 
they be compared with a healthy axilla. 

The surgical neck of the humerus is generally felt 
without trouble, and the musculo- spinal groove on 
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Iihe outer side of the shaft. By pressing directly 
outwards against the humerus Jn the upper third, or 
directly backwards, at the bend of the elbow, the 
Iwachial artery is compressed, and bleetling prevented 
from the vesaei below. 
At the elbow notice how much more the inner 
condyle projects than the outer, and how it is possible 
for it to be chipped off without implicating' the joint, 
an accident which is hardly possible with the outer. 
Above the inner condyle may often be felt a tubercle 
or exostosis homologous with a permanent process (the 
Bupra-condyloid) in many animals. Behind the inner 
condyle the ulnar nerve is felt as the " funny bone,'' 
and it is important to avoid this in operations about 
the elbow. Sometimes there ia a small tubercle felt 
^ about half an inch above the external condyle, and it 
^pjnay be noticed that this condyle is situated rather 
K^ower down than the inner. 

H The olecranon is distinctly traceable and is rather 
^B nearer to the inner than to the outer condyle, and on 
Hits outer side, just below the external condyle, is a 
r dimple, in which the head of the radius can be felt 
rotating. To feel this distinctly the thumb should be 
pressed inside the mass of muscles on the outer side 
of the elbow and the finger in the dimple just referred 
to, and the arm flexed; the hand is then made to 
rotate, and the head of the radius should be felt to 
rotate also : it is by such manipulation that a fracture 
in the shaft or neck of the bone or a displacement of 
the head of the radius can be distinguished. The tip 
of the olecranon should not in any position of the arm 
rise higher than the line between the condyles. In 
people who use their elbows much to lean upon, a 
bursa is formed over the back of the olecranon. 
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There is 4 lymphatic gland above the external 
condyle wlucb often becomes inflamed whan the band 
is puisuned. 

In the forearm you may trace the inner edge of the 
ulna in its whole length, and the styloid process must 
be noticed as estending not quite so low as ibat of 
the radius, but it indicates the level of the wrist-joint. 

The lower half of the radius is traced much more 
easily than the upper, and it must he remembered 
thst fracture most commonly occurs close to the 
lower end, and may be readily overlooked or mis- 
taken for a dislocation at the wristrjoint. It must 
also he borne in mind, that a horizontal ridgo often 
naturally occurs close to the lower end; but this 
would in most cases be found also in the oppositfi 
radius, which should he compared with it. At the 
back of the radius the most prominent longitudinal 
ridge lies on the outer edg'e of the groove for the 
extensor of the second phalanx of the thumb. 

At the wrist we can feel the tubercle of tiie 
scaphoid jnst below the styloid process of the radiw 
in the palm or surface, and below 'this the bony pro- 
minence of the ridge of the trapezium, while on the 
ulnar side of the same surface of the wrist we feel the 
pisiform and unciform bones; between these pro- 
minences the strong anterior annular ligament ia 
stretched. 

In the palm of the hand, each metacarpal bone 
should be separately traced, and the mobility of those 
belonging to the thumb, ring, and little finger 
especially noticed. Towards the fingers the me1»- 
carpo-phalangeal joints can be felt to correspond, 
■when the fingers are flexed, with a transverse furrow 
(or more commonly with parts of two furrows), about 
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an inch from the edge of the webs ; this must be 
remembered in amputating at this joint. 

On the thumb we can feel the sesamoid bones on 
the base of the so-called first phalanx, and on the 
wrist side of these the joint is situated. 

The position of the phalangeal joints must be care- 
fully sought for. They will be found to correspond 
with the largest transverse furrows on the palmar 
surface of the fingers, and with the furthest furrows 
on the dorsum^ so that in amputating a phalanx from 
the dorsum^ the knife must be made to cut in 
apparently beyond the head of the bone and not be- 
hind it. 

Lower Extremity. There are two furrows of 
importance in the groin ; one which has been already 
referred to extends between the anterior superior 
spine of the ilium and the spine of the pubes and 
corresponds with Poupart's ligament; the other 
stretches from the angle between the scrotum and the 
thigh to the top of the great trochanter and marks 
the position of the hip-joint. The latter furrow is 
obliterated when the joint is distended. Over the 
great trochanter is a well-marked depression under 
which is the fascia of the glutseus maximus muscle 
covering a large bursa. 

The femur can be best traced on the outer side, but 
it is generally covjered thickly by muscles. The 
condyles, however, are subcutaneous ; on the inner, 
search should be made, for a tubercle which is not 
very uncommon, and which runs upwards in the 
tendon of the adductor magnus. It is here that an 
exostosis may be found which may interfere with the 
riding capabilities of a man, and therefore unfit him 
for the cavalry. 

Y 
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The mobilitj of tlie patella should be noticed, and 
it should lie remembered that the capsule of the knee- 
joint extends to about two fingers' breadth Bbove Gas 
bone. When the knee is extended nearly all the 
patella is above the condyles of tho femur, and it cm 
be miide out tliat in the different positions of the 
knee the patella is differently related to the feinnr, 
but nearly always more in contact with the onter 
than with the inner condyle. (See pagB 139.) Db- 
location outwarda io therefore most common. Osertie 
patella is a larg'e bui-sa which when enlarged cw- 
atitutea " housemaid's knee." 

The head of the tibia can be readily traced, ud 
the shallow groove between it and the condyles as 
be felt, indicating the position of the knee-joint The 
tubercle of the tibia is prominent in iront and th» 
!ig;amentum patella is felt passing; into it. A bursa U 
situated under the lifrnment above the tubercle, and 
is sometimes inflamed ; it is important to know tlut 
it does not communicate with the joint. Bon 
growths may occur on the tibia at the tubercle or a 
the sides of the head and are often symmetricaL 

The head of the fibula is readily distingnishei, 
about an inch below the top of the tibia, and therefilie 
altogether below the knee-joint. The styloid proc«ff 
projects upwards from the back of the head, and tht 
external lateral ligament can be felt running upward* 
from it. 

The whole length of the fibula should be trac«d 
carefully. It is under the pad of peronei musclu JB 
the upper half or more, but becomes snbcutanfviii 
towiirds the lower end, and if one hand be firnilr 
fised upon any portion by grasping the limb, and the 
other hand be made to press the bone against tbt 
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tibia, the elasticity of the fibula can be detected on 
remitting the pressure ; but when the shaft is broken 
the elasticity of the bone is lost. This is a very 
useful aid to diagnosis in cases of suspected fracture. 
It must be noticed that the fibula is placed perpen- 
dicularly in a line with the outer condyle of the 
femur, and this fact, together with what can be seen 
in the structure of the bone, points to its carrying 
some of the vertical pressure of the weight of the 
body. The most frequent seat of fracture is in the 
lower fourth. 

The position of the malleoli should be carefully 
noted. The external descends lower than the internal 
and is placed farther backwards, so that in performing 
Syme's amputation of the foot, the incisions should be 
carried from the front of the external to the tip of the 
internal malleolus. 

In placing a limb upon a splint it is well to bear 
in mind that normally the inner edge of the patella, 
the inner ankle, and the inner side of the great toe 
are in a line. 

The position of the ankle-joint is indicated by a 
line drawn about a finger's breadth above that joining 
the two malleoli. 

In the foot we notice the tuberosity of the os calcis, 

and can feel the strong tendo- Achillis running into it 

above. On the outer side of the os calcis we feel 

(fl) the outer tuberosity, (J) the peroneal tubercle 

below and slightly in front of the external malleolus, 

(c) the depression of the cuboid with the ridge towards 

the plantar surface, distinguished only by deep 

pressure, and lastly (d) the prominent tuberosity of 

the fifth metatarsal bone. On the inner side we can 

feel besides (a) the tuberosity of the os calcis and the 

^ o 
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internal malleoluB, (A) the austentaculum-tali below 
the latter, (c) the tubercle of the scaphoid, which is 
alwaja easily distinguishable, and behind which is 
the calcaneo- scaphoid lig:ament which supports the 
head of the aBtragaius, then {d) the tuberositj of the 
internal cuneiform hone, and (e) the base of the firat 
metatarsal. Between these prominences the de- 
pressions for the joints are traceable. 

In performing Ch opart's amputation place the 
thumb upon the tubercle of the scaphoid and the 
finger upon the gap behind the tuberosity of the fifft 
metatarsal hone, and the knite can be carried directly 
through the joints in &ont of the astragalus and Os 
calcis, and the front of the foot removed ; the promi- 
nent edge of the front of the os calcis should be 
made out, as it assiets the operator to hear this in 
mind. 

Immediately in front of the ankle-joint the neck 
and head of the astragalus sliouhl be felt, bnt in 
many cases of ilal^foot, a considerable hollow exists 
here owing to the head of the astragalus being' 
carried to the inner side of the foot, the calcaneo- 
Bcaphoid ligament being weakened. The same cavilj 
exists when the astragalus is dislocated from injury. 

The same rules apply to the joints of the metE- 1 
tarsus and phalanges as have already been mentioned 
in describing the hand. 
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ACETABULUM {Lot, a vessel for holding acetnm or yinegar), 84 
Acromion {&KpoVf the highest point ; (i^/ioc, the shoulder), 15, 
21,22 
Alveolar (alveolus, a small hollow vessel) border of superior 
maxilla, 289 
„ border of inferior maxilla, 255 
AmffuUa {Lot, a flask, diminutive of amphora), 800 
Angle of lower jaw, 256 
„ facial „ 264 
Antrum (Lat, a cave) of Highmore, 289 
Apertura scalie vestibuli, 299 
Aqueductus {Lat, a conduit) Fallopii, 296 

„ vestibuli, 231 

Arches of vertebra, 161 

Arteries {Aprripiaf from dprdut, to suspend, the name arteiy 
having been first given to the windpipe {dprifpia rpaxfith 
arteria aspera) which appears suspended witii the lungs ; 
then to the aorta {Aoprripy something for suspendmg 
with, diipw) ; and to the arteries. These were supposed 
to contain air. Hence another possible derivation is &rip, 
air, rripkaty I keep), carotid, 222 
„ fascial, 256 
„ glvJteoif 80 
,, internal pwdic, 80 
,, middle meningeal, 213, 223 
„ nutrient of ftmwr, 93 
,, „ fibula, 117 

„ „ radius, 38 

„ „ tibia, 110 

„ occipital, 233 
„ scia^tic, 80 
,, small meningeal, 283 
„ svhclavian, 16 
,, superior prof unda, 80 
Artist, value of osteology to, 2 
Aiytffinoid {dpvraiva, a ladle ; dptfut, to draw water) cartilage, 304 
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Astragalns (&ffrpdya\oQt one of the ankle-bones; Lett, talus, 
as dice by the ancients), 189 
„ determination, 139 
,, mechanism^ 156 
Atlas (a, euphonic ; TXrjvai), to bear, 166 
Auricular (auricula, diminutiTe of auris, an ear) surfiice of ilJ 
82 
„ surface of sacrum, 178 
Axis {a^<aVf an axle), 166 

BASE OP SKULL, exterior of, 271 
„ interior of, 275 

Bicipital (biceps, two-headed, applied to a muscle) groove, 29 
Bones, flat, 4 

,, of hand, development of, 67 

,, formation of, 12 

„ long, 4 

„ mechanics of, 7 

,, mixed, 4 

,, number of, 8 

„ ridges of, 10 

„ short, 4 

„ strength of, 11 

,, structure of, 4 

„ varieties of, 4 

CALCANEUM (belonging to the heel— from calx, the heel), 1 
„ determination of, 146 

Canals, dental, 2S9 

,, ethmoidal anterior, 236 
„ ,, posterior, 236 

„ pteiygo-palatine, 224 
„ semicircular, 230, 300 
Cancellous (cancelli, bars, lattice-work) tissue, 5 
„ strength of, 12 

„ structure of, 13 

Ci^itellum (diminutive of caput, a head), 32 
Carpus {KapirSc, the wrist), situation, 51 
„ shape, 51 

„ determination of bones of, 52 
Cartilages (cartilago, gristle), arytsenoid, 804 
„ cricoid, 304 
„ ensiform, 194 
„ laryngeal, 804 
„ Meckel's, 254, 298 
„ thyroid, 304 
Caucasian skull, 265 

Cells (cella, a cell in a honeycomb^ diminutive of cera, hon 
ethmoidal, 236 
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Cells, frontal, 210 

„ sphenoid, 224 
Clavicle (clavicula, diminutive of clavis, a key), situation, 15 
„ shape, 15 
„ parts. 15 
„ articulation, 17 
„ development, 17 
„ 'mechanism, 18 
„ points of iraportaiice, 19 
„ determination, 19 
„ internal structure, 1 8 
Coccyx {k6kkv^, a cuckoo), 178 

,, development of, 1 78 
Compact tissue, 5 

Condyle {KdpSvXog, a knuckle) of humems, inner, 31 
,, of humerus, outer, 31 ' 

f, of femur, 93 
„ of lower jaw, 265 
,, of occipital, 217 
,, surface of femur, 95 
Condyloid (KovdvXog, a knuckle ; cZcoc, shape), 14 
,, ridges of femur, 94 
M ,, of humerus, 30 

Conoid (kwvoq, a cone ; ii^og, shape) tubercle, 15 
Coracoid (icopa^, a raven ; dooQj shape), 18 

ft process, 23 
Comua (cornu, a horn) of hyoid, 302 

Coronoid {Kopwvtj, a sea-crow, hence a beak, and anything curved, as 
corona, a chaplet), 14 
,, process, 44 
Costo-ooracoid mernbrane, 16 
Cranial bones, substance of, 290 
Crest (crista) of ilium, 79 
,, of occipital exterior, 216 
,, ,, interior, 218 

,, of scapula, 22 
,, of superior maxilla, 240 
,, of turbinated inferior, 244 
,, ,, middle, 244 

Crista galli, 235 

Crwra penis (the roots or legs of the penis), 80 
Cuboid bone (Kupog, a cube ; sTSog, shape), 147 

,, determination of, 147 

Cuneiform (cuneus, a wedge ; forma, shape) bone, internal, 
of tarsus, 141 
,, bone, middle, of tarsus, 142 
„ ,, outer ,, li'i 

,, ,, of wrist, 65 

Curved line of ilium, inferior, 83 
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GarTed line of ilium, middle, 83 
„ ,, superior, 82 

„ of occipital bone, inferior, 217 
,, MM superior, 216 

Cnrres of bones, yalue of, 10 
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U Developmen 


the Oreek D ; c7^of, shape) impression, 31 


t of carpus, 67 *• 




clavicle, 17 




coccyx, 178 




ethmoid, 237 




femur, 96 




fibula, 118 




humerus, 32 




inferior turbinated, 260 




innominate, 84 




malar, 248 




nasal, 249 




occipital, 219 




parietal, 215 




radius, 40 




sacrum, 174 




scapula, 24 




sphenoid, 226 




sternum, 194 




tarsus, 150 




tibia. 111 




ulna, 46 




▼ertebr», 168 




vomer, 258 


DiploS (hvUoe, double), 6 


Direction, 14 





EAR) internal, 299 
„ middle, 295 
Eminentia articnlaris, 231 
Eminence, olivary, 222 
„ parietal, 213 
Endoateum (ivdov, within ; dffrkov, bone), 5 
Ensiform (ensis, a sword ; forma, shape) cartilage, 194 
Epiglottis {ivL, upon ; yXturric, the space just above the voe 

cords), 304 
Epiphyses (stti, upon ; 0va), I grow), 12 
Ethiopian skull, 265 

Ethmoid {rfOfiSQ^ a sieve ; ildo£j shape) bone, situation, 235 
„ shape, 235 
,, parts, 235 
,, articulations, 237 
», development, 237 
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Btbmoid, points of importance, 237 
Ethmoidal foramina, 210 

„ notch, 210 

f, spine, 221 
Eustachian (Eustachins, an anatomist^ 1570) tubef 233, 296 
Extremity, upper, as a whole, 72 

EACET (facette, a smooth surface), 13 
Ftdx (Lot. a sickle) major, 235 
Falx 'minor f 218 
Fascia Itmiorum, 79 

Femar (Lot, from the same root^ feo, as several different words are 
derived — e.^., feliz, femina, fenns), situation, 89 

„ shape, 89 

,, parts, 89 

,, articulations, 96 

,, development, 96 

„ mechanism, 97 

„ determination, 105 

„ points of importance, 106 

„ variations in form, 97 

„ head, 89 

„ intertrochanteric line, 92 

„ linea aspeia, 92 

„ lower end, 98 

„ neck, 90 

„ oblique line, 91 

„ oblique curve of condyle, 96 

„ quadrate line, 92 

,, shaft, 92 

„ spiral line, 92 

„ trochanter, great, 91 

„ „ lesser, 91 

„ trochlea, 95 
Fenestra {Lat, a window, an opening, ^alvat) ovalis, 296 

„ rotunda, 296 
Fibula {Lot. a brace, a band, a clasp), situation, 115 

„ diape, 115 

„ parts, 115 

,, articulations, 118 

,, mechanism, 118 

„ development, 118 

„ determination, 121 

„ points of importance, 121 

„ head of, 115 

„ lower end, 117 

,^ shaft, 116 

„ styloid process, 115 
Fissure (fissura, a cleft, from findo, I split), auricular, 230 
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Fissure^ Glaaserian, 229, 295 

,, pterygo-maxillary, 287 

„ sphenoidal, 223, 224, 279 

,, spheno- maxillary, 283 
FontcmelUs (Fr, diminutiTe from fons, a foantun), 292 
Foramen (foro, I pierce), anterior lacerated, or sphenoidal fissure, 
223, 279 

,, carotid, 232 

,, C8Bcam, 235 

„ condyloid anterior, 217 

„ yy posterior, 217 

,, external orbital, 225 

,, inferior dental, 254 

,, infra-orbital, 239 

,, magnum, 218 

„ malar, 247 

,, mastoid, 229 

„ mental, 253 

„ middle lacerated, 278, 280 

,, obturator, 82, 83 

„ optic, 222, 224 

„ ovale, 223 

,, palatine anterior, 240 

,, parietal, 213 

„ posterior lacerated V jugular, 272, 281 

,, rotundum, 225 

,, sacral, 172 

„ spinal, 161 

„ spinosum, 223 

,, stylo-mastoid, 232 

„ supra-orbital, 207 

„ Vesalii, 223 
Vidian, 225 
Force traced through the skeleton, 203 

,, „ „ upper extremity, 76 

Fossa {LcLt. a trench, fodio, I dig), 13 
„ canine, 239 
,y coronoid, 31 
,, digital, 91 
,, glenoid, 23, 231 
,, incisive, 239 
,, infra-spinous, 21 
„ jugular, 218, 232 
„ lachrymal, 209 
,, myrtiform, 239 
,, nasal, 'Jb3 
„ olecranon. 30, 31 
„ orbital, 282 
„ pituitary, 222 
„ scaphoid, 226 
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Fossa, spheno-mazillary, 287 
sablingaal, 254 
submaxillary, 254 
subscapular, 20 
supra-spinous, 21 
temporal, 286 
trochanteric, 91 
zygomatic, 286 
Fossae at base of skull, 278 

,, on exterior of skull, 282 
Fovea {Lot. a pit) trochlearis, 209 
Fi-ontal (frons, the forehead) bone, situation, 207 
,, bone, shape, 207 
„ „ parts, 207 
„ ,, articulations, 211 
„ „ development, 211 
„ „ points of importance, 211 
„ eminence, 207 
,, sinus, 210 

GANGLION, Casserian depression for, 230 
Qladiolus (diminutive of gladius, a sword), 194 
Glasserian fissure (fissure of Glaser), 231 
Qlenoid {yXwVf ^^^ pupil of the eye ; ddoc, shape), 13 
„ cavity of scapula, 23 
„ „ of temporal bone, 231 

Grooves, bicipital, 29 
digastric, 233 
infra-orbital, 239 
lachrymal, 289 
mylohyoid, 254 
„ occipital, 233 

palatine posterior, 245 
patellar, 95 
popliteal, 94 
„ subclavian, 16 
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HAND, mechanism of, 67 
Haversian (of Havers, an English anatomist, 1680) canals, 6 
Hiatus (Lai. an opening) Fallopii (Fallopius, an Italian anatomist, 

1660), 230 
Homology {ofioXoyiaf agreement; 6fi6Cf the same; XSyog, word ; 

Xkyut, I speak), 14 
Humerus {Lot. the shoulder), situation, 28 
,, shape, 28 
„ parts, 28 
,, articulation, 33 
,, development, 32 
,, mechanism, 34 
,, determination, 35 
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Hamems, points of importance, 36 

„ anatomical neck, 29 

„ condyle, inner, 81 

„ „ onter, 81 

», head, 29 

„ internal stmctnre of, 34 

„ shaft, 29 

„ surgical neck, 29 

„ tuberosity, great, 29 

,, „ lesser, 29 

Hyoid (Y, the letter upsilon ; lUoCf shape) bone, 802 

„ situation, 802 

„ shape, 802 

„ parts, 802 

„ development, 802 

„ muscles connected with, 303 

„ body, 802 

„ comua, 802 

ILIUM (ilia, the flanks supporting the intestineii^ which twist 
aboul^ itK(a)f 78 
„ crest of, 79 
„ spines of, 80 
Ilio-pectin^ line, 81 
Inclination, 14 
Incus {Lot, an anyil), 298 

Infra-spinous fossa (infra, below ; spina, the spine), 21 
Infundibulum (Lai. a funnel by which anything is poured, fando), 

287 
Innominate bone (in, not ; noniinatus, named), situation, 78 
„ shape, 78 

„ parts, 78 

„ articulations, 84 

„ deyelopment, 84 

„ mechanism, 85 

„ determination, 87 

„ points of importance, 88 

,, internal structure, 86 

Inter-condyloid (inter, between ; condyloid) notch, 96 
Interior, explanation of the term, 14 
Internal ,, „ 14 

Inter-vertebral discs, 161 

,, foramina, 161 

Introduction, 1 

Iter chords anterius (anterior passage for the chorda tympani 
nerve), 231, 295 
,, posterius, 295 

Ischium (hxve, strength), 78 
„ tuberosity of, 80 
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T7NEE-J0INT, mechanism of, 126 

LACHRYMAL (lacryma, a tear ; SdKpv) bone, situation, 251 
,, bone, shape, 251 

,, „ parts, 251 

,, articulations, 251 
„ development, 251 
„ points of importance, 252 



ft 
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,, „ lesser, 251 

„ fossa, 209 



Lamina spiralis ossea {LcU, bony spiral plate), 300 
Laminae of vertebra, 161 
Landmarks, bony, 306 

of abdomen, 315 

of chest, 313 

of face, 309 

of lower extremity, 821 

of neck, 312 

of skull, 309 

of upper extremity, 317 
Ligotment (ligameutum, a band; ligo, I bind), calcaneo-cuhoid.loTUf, 

147 
„ calcaneo-acaphoidf 139, 146 
„ conoid f 16, 23 
,, coraco-acromialf 22 
,, coronary of knee, lOS 
,, costo-clavicvlar, 17 
„ costo-coracoid, 16 
,, cotyloid, 84 
,, crtudcU, 130 
,, falciform, 82 
,, glenoid, 28 

„ lateral external of ankle, 118, 143 
„ „ internal „ 111 

„ ,, external of elbow, Idl 

„ ,, internal „ 131 

external of jaw, 229 

„ internal „ 224, 254 
„ ,, ex'emal of knee, 93, 115 

,, internal ,, 93, 108 

obliqtie, radio-tUnar, 45 
„ of notch, 22 

„ plantar, long, 145 

,, ,, short, 145 

„ Poupart*8, 79 

,, pterygo-maxiUary, 255 

,, rhomboid, 17 

roimd, of hip, 84 
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JAgamentf sciatic, 79, 80, 81 
„ stylo-hyoid, 232, 302 
„ stylo-maxillary^ 232 
„ supra- scapular, 22 
„ thyro-hyoid, 302 
,, transverse f ofkneey 108 
,, trapezoid, 16, 23 
,, triangular, 80 
Ligamentum mucosum, 126 

,, nuchas, 216 

Line, canred, ioferior of ilinm, 88 
,, middle „ 83 
,, superior „ 82 
,, inferior of occipital, 213 
„ superior „ 216 

interosseous, 116 
intertroohanterio, 192 
oblique, exterior, of lower jaw, 253 

„ of femur, 91 
quadrate, 92 
spiral, 92 
Linea aspera, 92 
,, ilio-pectinea, 81 

MALAE (mala, the cheek, from mando, to chew) bone, situation, 
247 
,, shape, 247 
,, parts, 247 
„ articulations, 248 
„ development, 248 
„ distinction, 248 
„ points of importance, 248 
Malleolus {Lat. diminutive of malleus, a hammer), external, 117 

„ internal, 110 
Malleus {Lat. a hammer), 297 
Manubrium {Lai. a handle), 194 
Mastoid {iiaaroQ, a breast or nipple ; il^oQ^ shape), 13 
„ cells, 296 
„ process of temporal, 228 
Maxilla (Xat. a jaw, diminutive of mala), inferior, 253 
inferior, situation, 253 
shape, 353 
parts, 253 
articulations, 256 
development, 256 
points oi importance, 256 
body, 253 
condyles, 255 
neck, 255 
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Maxilla, inferior, ramus, 258 
„ superior, situation, 238 
,f ,, shape, 238 

,, „ parts, 238 

,, „ articulation, 241 

„ „ development, 241 

,, „ distinction, 241 

,, ,, points of importance, 241 

Meatus {Lot. a passage, from meo, I go), auditory external, 294 
„ auditory internal, 231, 300 
,, of nose, superior, 236, 285 
„ „ middle, 236, 285 

„ ,, inferior, 285 

Mechanism of astragalus, 156 
„ of clavicle, 18 
„ of femur, 97 

„ of fibula, 118 
„ of hand, 67 

„ of humeruH, S3 

„ of innominate, 85 

„ of knee-joint, 126 

„ of OS calcis, 154 

„ of pateUa, 124 
„ of radius, 40 
„ of sacrum, 176 

„ of scapula, 25 
of skull, 275 
,, of spine, 188 
„ of tarsus, 151 

of thorax, 197 
of tibia. 111 
„ of ulna, 46 

Medulla oblongaia, 218 

Metacarpal (fttrd, beyond ; KapnSct tho wrist) bones, common 
characters, 61 
„ bones, special characters, 62 

determination of, 65 
1st, 62 
2nd, 63 
3rd, 63 
4th, 64 
5th, 64 
Metacarpus,^ situation, 61 

,, shape, 61 

Metatarsal {fUTd, beyond; rapaog, the instep) bones, common 

characters, 148 
„ bones, special characters, 149 
Ist. 149 
„ 2nd, 149 
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Me%tarsal bone, 3rd, 149 
„ „ 4th, 149 

„ „ 5th, 150 

Metatarsas, 148 

Modiolus {Lot, the nave of a wheel), 300 

Mongolian skull, 265 

Morton's classiBcation of races, 267 

Miude, ctbduetor minimi digiti (foot), 145 
>» )i }t M (hand), 56 

,, „ pollicia (foot), 145 

t* M » (hand), 58, 57 

„ acctssoriuSy 145 
„ cMuctor longiLSj 92 
t, ft magnuSy 81, 98 

„ ,, hrevis^ 88 

„ adductors of thighf Bd 
,, anconeuty 45 
„ biceps (arm), 23, 29 

„ (thigh), 81, 93, 116 
„ brachicdis atUums, 29, 80, 81, 44 
,, buccinator J 255 
,, circamflexus palatit 226 
,, coccygeus, 81 
„ coraco-brachialiSf 23, 30 
,, crureus, 92 
„ deltoid, ] 5, 22, 29, 31 
,, depi'essor anguli oris^ 254 
,, „ labii inferioriSf 254 

„ digastric, 233, 256 
,, erector penis, 80 
„ fte^enxor brevis digitorum, 145 
„ „ carpi radioLis brevior, 39, 64 

,, „ n ,» longior, 30, 39, 63 

,, „ „ ultiaris, 45, 46, 56, 65 

„ ,f communis digitorum, '69 

,, „ indiciSf 39 

,, ,, longtis digitorum (foot), 1\7 

„ „ ossis m£ta>carpi poUicis, S9, 6Z 

ft n primi iniernodii poinds, S9 

„ ,, proprius pollicis (foot), 117 

„ ,, secundi intemodii poUiciSf 2^9 

„ flexor brevis digitorum (foot), 245 
„ „ ,, mmimi digUi (hand), 60 

,, ,, „ polliciSf 57, 58, 59, 62 

, , „ longus digitorum (foot), 110, 146 

,, „ carpi radialis, 57, 68 

„ „ ,, ulnariSf 45, 65 

„ „ longus pollicis (thnmb), 88 

n u (toe), 117, 130, 145 



U, fiextrr mblimU dtgUorvm, 3S, (4 
„ profandttt „ it 

gatlrociumiui, 91 
gtBuUnt inferior, SI 

„ iMperior, 81 
genio-hyoiii, 265 

1 1 hye-gtotgui, 2EG 
gluteta maztntu, 81 
„ mtdmi, ii, 91 
„ nunmui, S3, SI 
gmeait, SO, 110 
Uiaeia, 79, 81, 62 
M0U'^iitaCitf, 21, 29 
tiifenMiri, of hand, 62 
loicmor fympant, 231, 2SS 
lalimmju dorii, 23, 30, 79 
Uvalorani, 81 

„ ofi^tdi oris, 239 

„ „ tcapida, 222 

„ pi^ocf, 232 

„ palpAra, 234 

„ trKnfi, 54 
matttler, 229, 247, 268 
myla-hyoid, 264 
oUtjuiu ntj>era>r (e;e), 208 

„ iiytrior „ 208 

„ tittemta iMominit, 79 

„ fiWemu> ,, 80 

difumtDr rafemtu, 83, 90 

,, intemoB, 81, 91 
omo-hyoid, 22 
ocdpUo-frontalU, 213, 216 
■opnoneTU minimi rfifftfi, 60 
OroiettlEiru arif, 261 
jteclvnmi, 79, 83 
pecloralie major 16, 17, 23 
jKToneiu brevii, 117, H6 

„ ian^iM. 117, 146, 147, 149 

„ ^ tertiM, 117 
pJontoT^ I4S 
plaiyima, 256 
pterygoid actemal, 221, 225, 226, 25S 

iniernoi, 226, 226, 214, 245, 251 
pronator radii lera, 30, 38, 39, 41 

„ qaadralta, 33 
pioaimcvfaul.81 
pof^iieus, 91 
pyramidalii, 80 
pyr(/iwmi», SO, 91 
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Muide, quadriceps extensor, 108, 123 

quadratus femoriSf 81, 92 

quadrcUtu lumborumf 79 

recti (of eye), 224 

rectus abdominis, 79, 80 
,, feinoriSf 83 

rhimboideiu major, 22 
„ minor, 22 

sartorius, 79, 110 

serratus magnus, 21, 23 

semi'membranosus^ 81, 108 

semi'tendinosus, 81, 110 

soleus, 110, 117 

stapedius, 299 

splenitis capitis, 229 

«^emo-yffa«tot(2, 16, 229 

stylo-hyoid, 232 

stylo-glossus, 232 

stylo-pharyngeus, 232 

neptno^or brevis, 39 
,, longus, 29, 39 

supra-spinaius, 21, 29 

Sfuh-scapxdaris, 20, 29 

subclavivs, 16 

temporal, 209, 213, 224, 226, 229, 2rJ5 

te»wor vagincB femoris, 79 

feres major, 21, 23, 30 
„ minor, 21, 29 

tensor palati, 226 
„ tympani, 232, 233, 298 

franwer«tM capitis, 229 

trachelo-mastoid, 229 

tibialis anticus, 110, 117, 140, 141 

fra««t;er«t*« pcroTici, 81 

fraTMversaZw abdominis, 79, 80 

trapezius, 15, 21, 22 

triceps, 30, 44 

vastly extemus, 91, 93 
„ interwiM, 92, 93 
Musculo- spiral groove, 30 



"VTASAL BONE (Dasua, the nose), situation, 249 
11 .. „ shape, 249 

,, parts, 249 

,, articalatioD, 249 

,, developmeni, 249 

„ distioction, 249 

,, points of importance, 250 
eminence, 207 



fNDEX. 339 



Nasal notch, 209 


>» 


spine, 209 


Nerve (vfvpoi/, a cord), lat, 223 


>» 


27W^, 223 


»> 


3rd, 223 


a 


4^A, 223 


f* 


5^^, 223 


if 


6th, 223 


»» 


7<A, 231 


)) 


8th, 231 


ft 


9<A, 231 


»» 


auricvZwr, 282 


»» 


chorda tympani, 231 


>> 


cutaneoTM external (thigh), 79 


»» 


den^o^ inferior, 263, 254 


»» 


glossopharyngeal, 219 


»» 


Ja^obson's, 232 


»» 


mylO'hyoid, 234 


»» 


musculo-spiral, 30 


»» 


Tioso/, 235 


f » 


o6^i*ra<or intemus, 81 


)) 


pneumogastriCy 219 


»> 


ptt<iic, 81 


)) 


«pmaZ accessory, 219 


>) 


palatine posterior, 240 


>> 


petrosal great superficial, 230 


>» 


„ smo^ ,« 230 


>> 


tympanic, 231 


Neural arch, 161 


NoUil 


I, ethmoidal, 210 


f> 


intercondyloid, 96 


i$ 


nasal, 209 


ff 


popliteal of tibia, 108 


»> 


pterygoid, 225 


9t 


sciatic, great, 80 


>> 


„ lesser, 81 


»» 


spheno-palatine, 244 


)) 


supra-orbital, 207 


»} 


supra-scapular, 22 


ff 


vertebral, 161 



OBLIQUE line of radius, 38 
„ „ tibia, 110 
„ „ ulna, 45 
Obliquities of bones, 11 
Obturator (obturo, I stop up ; said to be compounded from ob, 

against ; 9vpa, a door), 82, 83 
Occipital (occiput, the back of the head ; from ob, against ; caput, 
the head) bone, 216 

z2 
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Oocipit&l bone, Rituation, 216 

,, ,, shape, 216 

„ „ parts, 216 

„ ,, articulations, 219 

,, „ development, 219 

„ „ points of importance, 219 

„ protuberance, 216 

„ crest, 216 
Odontoid {odovg, a tooth ; tUod shape), 18 
Olecranon {u)\kvti, the elbow ; KpdvoQ, a helmet or cap), 43 

„ fossa, 30 
Olfactory (olefaceo, I make to smell, oleo) groove, 221, 235 
Optic groove, 232 

„ foramen, 279, 283 
Orbicular (iliminutive of orbis, a circle) bone, 298 
Orbital plate of sphenoid, 225 
„ of ethmoid, 236 

Org<m of CoHi, 800 
Ob calcis, 144 

„ determination. 146 

,, mechanism, 154 
Os magnum, 59 

„ determination, 59 

Os planum, 236 

Ossa triquetra {Lot, triangular bones), 214 
Ossicles of ear, 297 

Ostium internum aqueductus yestibuli {JaU, inner opening of tl 
aqueduct of the vestibule), 300 

PACCHIONIAN (Facchioni, an Italian anatomist) bodie*. 21 < 
214 
Palate bone, situation, 243 
„ shape, 243 

,, parts, 243 

„ articulation, 246 

,, development, 246 

„ distinction, 246 

,, points of importance, 246 

Parietal (paries, a wall) bone, 211 
,, bone, situation, 213 
„ ,, shape, 213 
„ „ parts, 213 
,, „ articulation, 215 
,, ,, development, 215 
„ ,, distinction, 215 
,, „ points of importance, 215 
,, eminence, 213 
Patella {Lat a plate, diminutive of patera), 123 
„ situation, 128 
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Patella, shape, 123 
,, parts, 123 
,, articulations, 124 
,, development, 124 
,, distinction, 124 
,, mechanism, 125 



„ points of importance, 125 
Patellar groove, 95 
Pectineal (pecten, a comh, a late, also a name given to the pubic 

bone) eminence, 79 
Pedicles of vertebrae, 161 
Periostevm (Trcpi, around ; darkov, a bone), 4 
Petrous bone (irsrpoc, & stone), 228 
Phalanges of hand {tpdXay^, a rank of soldiers), 66 

„ of foot, 160 
Pisiform (pisum, a pea ; forma, shape) bone, 56 

,, determination of, 56 
Plate, horizontal, of palate, 244 
„ pterygoid external, 225 
„ ,, internal, 226 

,, orbital of ethmoid, 236 
,, vertical of palate, 245 
Popliteal (poples, the ham) groove, 94 
,, notch of tibia, 108 
,, surface of femur, 93 
Process, angular external of frontal, 209 
,, „ internal ,, 210 

basilar, 217, 222 
brevis of malleus, 298 
clinoid anterior, 222 



t> 

]] „ middle, 222 

„ „ posterior, 222 



I) 
>> 
>♦ 
1* 



cochleariform, 233, 297 
ethmoidal, 259 
frontal, 247 
gracilis of malleus, 298 



,, bamular, 226 
„ jugular, 217 



»> 



lachrymal, 259 

long, of incus, 298 

malar, of superior maxillary, 229 

mastoid, 228 

maxillary, of inferior turbinated, 259 

„ of malar, 248 
nasal, of superior maxilla, 238 
orbital, of malar, 247 

„ of palate, 243 
palatine, of superior maxilla, 240 



„ shorty of incus, 298 
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Process, sphenoidal, of palate, 243 
„ styloid, of temporal, 332 
,, „ of radias, 39 

,, „ of ulna, 46 

,, anciform, of ethmoid, 236 
„ „ of unciform hone, 60 

„ yaginal, 232 
„ „ of sphenoid, 224 

„ „ of Yomer, 258 

„ zygomatic, 247 
Promontory of sacrum, 172 

„ of tympanum, 296 

Proportions of fistce, 261 
Protuberance, occipital exterior, 216 
„ „ interior, 217 

Pterygoid (vHpvif a wing ; tlSog, shape) notch, 225 

„ processes, 225 
Pubes [Lot. the hair), 78 
„ spine of, 79 
„ crest of, 80 
„ symphysis, 80 
„ arch, 80 
,, body, 82 
„ ramus, 82 
Pyramid of tympanum, 296 

EADIUS (Lat a rod, the spoke of a wheel), 87 
,, situation, 37 
,, shape, 37 
, , parts, 37 
,, articulations, 40 
„ development, 40 
,, distinctions, 42 
„ points of importance, 42 
„ head of, 37 
,, oblique line, 38 
,, shaft, 38 
,, styloid process, 39 
,, tuberosity, 38 
Ketzius's classification of skull?, 266 
Rhomboid (/oo/ijSoc, an equilateral four-sided figure with obliqu 

angles ; ildog, shape) impression, 17 
Kibs, situation, 195 
,, shape, 195 
,, parts, 195 
,, common characters, 196 
,, distinctive ,,196 
„ development, 197 
„ angle of, 196 
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Ribs, head, 196 

,, neck, 196 

„ shaft, 196 

„ tubercle, 196 

„ 1st, 196 

„ 2iid, 197 

„ 10th, 197 

„ 11th, 197 

>9 



12th, 197 
Ridges of bone, 10 
Ridge, inter-condyloid, 94 

„ sapra-dliary, 207 

,, temporo-zygomaticy 224 

„ tei]^poral, 209, 213 

,, trapezium, 57 

,, trapezoid, 16 

SACRO-ILIAC SYNCHONDROSIS, 81 
Sacrum {LcU, sacred), situation, 172 
shape, 172 
parts, 172 
articuUtion, 174 
peculiarities, 174 
development, 174 
mechanism, 176 
points of importance, 177 
promontory, 172 
lateral mas8, 173 
auricular surfiice, 173 
sacral cornua, 1 73 
,, foramina, 172 
Scaphoid {irK&ipti, anything scooped out> a ditch, from trKaimo, I 
dig), 14 
„ bone (hand), 53 
„ „ determination, 53 
„ „ (foot), 140 
„ fossa, 226 
Scapula (Lot, the shoulder-blade, derivation probably indirectly 
from trKaiTTia), situation, 20 
,, shape, 20 
,, parts, 20 
,, articulation, 24 
,, structure,* 24 
„ mechanism, 24 
„ determination, 26 

points of importance, 27 
angles, 23 
axillary border, 23 



»> 
»» 



s> 



divisions of, 24 
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Scapula, fossae, 24 

,, internal Btractare, 26 
„ spine, 21 
„ yertebral border of, 22 
Scalptor, yalue of anatomy to, 2 
Sella turcica {Lot. Turkish saddle), 22 
Semilunar (semi, half ; luna, moon), 54 
Serrated (serra, a saw), 14 

Sesamoid {inj<rafiov, a grain ; tUoc, shape) bones, 62 
Sigmoid {piyiia^ the Ghreek 2, the old form of which was sometbing 
like the letter C ; iUoq^ shape) cavity, great^ of ulna, 
44 
„ cayity, small, of ulna, 44 
„ notch (of lower jaw), 257 
Sinus {Lot. a hollow), 13 
,, cayemous, 222 
„ frontal, 210 
„ lateral, 218, 231 
„ longitudinal, 213, 217 
,, maxillary, 240 
„ petrosal, inferior, 218, 223, 231 
,, ,, superior, 230 

Skeleton (criclXXctf, I dry), 8 
SkuU, 207 
„ bones of, 207 
„ base 0^ 275 
,, exterior fossee, 282 
,, fosssB in base of, 278 
,, front view, 261 
„ mechanism, 275 
„ side view, 263 
„ top view, 270 
,, tables of, 5 
ft *yP®8 of, 265 
„ under view, 271 
,, interior of, 274 
„ vault, 275 
,, as a whole, 260 
Sliding seat at shoulder, 73 
Socket, 13 

-Sphenoid bone ((r^^v, a wedge ; €7^o£, shape), situation, 221 
„ shape, 221 

„ parts, 221 

,, articulations, 226 

,, development, 226 

,, points of importance, 227 

Sphenoidal cells, 224 

„ fissure, 224 

Spinal column, 160 
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Spinal colamn, curyes, 180 
„ elasticity, 189 

„ mechanism, 188 

Spinal coiamn, pyramids, 182 

,, surfaces, 185 

Spine, ethmoidal, 221 

,, of ilium, anterior superior, 279 
y, ff posterior superior, 279 

,, ,, anterior inferior, 279 

„ ,, posterior inferior, 279 

„ nasal anterior, 240 
• » M posterior, 244 
,, of frontal, 209 
„ pubic, 79 
„ sphenoidal, 228 
Squamous (squama, a scale) portion of temporal bone, 228 
Stapes (Lot. a stirrup), 299 

Sternum {Lot. from stemo, I stretch or coyer), situation, 
193 
,, shape, 193 
), parts, 193 
I, deyelopment, 194 
I, manubrium, 194 
„ gladiolus, 194 
Styloid {ffTvXog, an ancient pen or pencil ; €ldo£f shape), 14 
„ process of fibula, 115 
„ ,, of radius, 39 

„ „ of ulna, 46 

„ ,, of temporal, 232 

Structure, internal, of bones of foot> 158 
„ „ of clayicle, 18 

„ „ of femur, 104 

„ ,, of fibula, 120 

„ ,, of humeras, 24 

„ „ of innominate bone, 86 

,, „ of patella, 125 

„ „ of radius, 41 

,, I, of sacrum, 176 

„ „ of scapula, 26 

„ if of tibia, 112 

„ „ of ulna, 47 

,, „ of yertebre, 169 

Subclayian grooye, 16 
Subscapular fossa, 20 
Supra-ciliary ridge, 207 
,, orbital foramen, 207 
„ scapular fossa, 21 
„ „ notch, 22 

Surgeon, yalue of anatomy to, 2 
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Sastentacolam tali (Lot. sapporter of the tolas or astragalus). Hi 

Sature (sutura, a seam, from suo, I sew), 288 

,, basilar, 288 

„ coronal, 288 

„ cranial, 288 

„ cranio-facial, 289 

„ ethmoidal, 289 

,, ethmoido-lachrymal, 289 

,, „ maxillary, 289 

,, „ palatine, 290 

,, ,, turbinal, 290 

„ facial, 290 

,, fronto-maxillary, 289 

,, ,f malar, 289 

„ „ nasal, 289 

,, „ parietal, 288 

„ inter-parietal 288 

„ lambdoidal, 288 

„ masto-occipital, 289 

„ „ parietal, 288 

„ occipito-parietal, 288 

,, petro-occipital, 288 

„ ,, sphenoidal, 289 

„ sagittal, 288 

„ sphenoidal, 289 

,, spheno-malar, 289 

,, ,, palatine, 290 

„ „ parietal, 288 

,, ,, vomeral, 290 

„ squamo-sphenoidal, 289 

„ squamous, 288 

„ temporo-parietal, 288 

„ ,, malar, 289 
Symphysis ((tv/a, with ; ^voi, I grow) menti, 254 

„ pubis, 80 
Synchondrosis {avv, with ; x^'*^^9^St cartilage), sacro-iliac, 81 

TARSUS (rapffos, the instep), situation, 135 
„ shape, 135 
,, parts, 135 

mechanism, 151 
,, development, 150 « 

Temporal (tempora, the temples) bone, situation, 228 
,, shape, 228 
„ parts, 228 
,, articulations, 233 
,, development, 233 
„ distinction, 234 
„ points of importance, 23i 
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Temporal, interior of, 294 

„ ridge, 208 
Tendo-AchiUis {Lett, the tendon of Achilles), 146 
Terms, meaning of, 13 

Thorax (dopioi, I leap ; the heart beating in the chest or thorax^, 
193 
„ mechanism of, 197 
Thyroid {9vpe6g^ a shield ; iUoQt form) cartilage, 324 
Tibia {Lot, a pipe or flate, takes its name from its resemblance to 
the bone), situation, 107 
,, shape, 107 
I, parts, 107 

articulation, 111 
development. 111 
mechanism. 111 
points of importance. 111 
internal structure, 112 
oblique line, 110 
popliteal notch, 108 
shaft, 109 
spine, 108 
tubercle, 108 
Torcular HerophUi (torcular, a whirlpool (torqueo) ; Herophilus 

an Egyptian anatomist, b.o. 300), 218 
Trapezium {rgairkl^ioVf rpdin^d, a table), 17 

„ ridge of, 17 

Trapezoid, 16 

Triangular cartilage of wrist, 89 
Trochanter (TQoxavrfiQf rphxia, I turn), 14 
Trochlea {rpoxL^ia^ the wheel by which water is drawn up (rpE^cu) 
from a well), 13 
„ of femur, 95 
„ of humerus, 32 
Tubercle of ulna, 45 
,, lachrymal, 251 
,, genisd, 255 
„ of tibia, 108 
Tuberosity of humerus, great, 29 
„ of „ small, 29 

„ of internal cuneiform, 141 

,, of external „ 145 

, , of palate, 244 

,, of scaphoid, 140 

„ of superior maxilla, 239 

Turbinated (turbo, a whirl) bone, inferior, situation, 259 
,, bone, inferior, shape, 259 

„ „ „ parts, 259 

„ ,, „ articulations, 259 

,, ,, „ development, 260 
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Turbinated bone, inferior, distinction, 260 

,f „ „ points of importance, 260 

„ ,, middle, 236 

it 



„ superior, 236 



ULNA (dtXkvfi, the elbow), situation, 43 
,, shape, 43 

,, parts, 43 

,, articulation, 46 

,, deyelopment, 46 

,, mechanism, 46 

,, determination, 49 

,, pomts of importance, 49 

,, internal structure o^ 47 

,, oblique line, 45 

,, shaft, 45 

, , sigmoid cayity, greater, 44 

,, „ „ lesser, 44 

, , styloid process, 46 

,, tubercle, 45 
Unciform (uncus, a hook ; forma, shape) bone. 60 

„ process of unciform bone, 60 

,, „ ethmoid, 236 

Upper extremity as a whole, 72 



VAGINAL (vagina, a sheath), 14 
Vein, jttgtUart 219 
,, ophthalmic, 222 
Venter of ilium, 81 

„ of scapula, 20 
VertebrsB (verto, I turn), general characters, 161 
body, 161 
parts, 161 
processes, 161 
notches, 161 
foramina, 161 

special characters of lumbar, 162 

dorsal, 162 
cerrical, 163 
5th lumbar, 166 
12th dorsal, 166 



if 
t> 
>> 
»» 

>» f> 

>> ft 

»» >> 

„ 11th „ 166 






it 



development of, 160 



10th „ 166 
9th „ 166 
1st „ 166 
7th cervical, 166 
2nd „ 166 
1st „ 166 
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Vertebrae, internal structure of, 169 
Vertebra prominens, 165 
Vestibule, 299 
Vitreous table, 6 

Vomer {Lai, a ploughaliare), situation, 258 
Vomer, shape, 258 

,t parts, 258 

n articulation, 258 

t, development, 258 

„ points of importance, 258 

WINGS of sphenoid, 221 
Wormian bones, 2U 

^YOOMA, 229 
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